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PREFACE 


_ It has been the author’s experience that there are certain 
things which it is necessary and desirable for the average man 
to know about electrical machinery—and it is entirely possible 
to transmit this essential information without the use of diffi- 
cult mathematics. Furthermore, there are a great many 
more things about electrical machines which (though they may 
be interesting) it is not necessary that the average man should 
know. 

In preparing this “ Electrical Machinery” book we have en- 
- deavored to include the essential and desirable things and to 
omit the non-essentials. We have tried to explain the theo- 
retical principles and outline the operating facts, relating to 
alternating-current and direct-current generators and motors, 
and similar electrical machines, on this basis. Control 
apparatus has been given due attention. Furthermore, we 
believe that any individual who can read English will be able 
to get the meat from this volume without the expenditure of 
excessive effort. 

Following out the general idea above disclosed, much of 
the material has to do with installation and operation—trouble 
location, its correction and the like. There is practically 
nothing in here on design because of two splendid reasons: 
(1) The manufacturers in this United States design, build and 
sell perfectly good electrical apparatus much more effectively 
and economically than can any one who is not regularly en- 
gaged in the business. Hence, when the average man wants 
electrical equipment he buys it on the market. (2) It requires 
a lot of special knowledge and mathematics to design electrical 
machinery. . : 

Summarizing: “Electrical Machinery” is a manual of ex- 
planation of basic theoretical principles, operation and 
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management prepared particularly to assist the average man 
who is now, or who expects sometime to be, engaged in 
practical electrical work. 

We want to make this a better and more helpful book each 
time it is revised in the future. Therefore, if any reader finds 
in it anything which he cannot understand, will he please write 
the author about it? Also, if you find any errors—some errors 
always, regardless of how carefully the checking has been done, 
creep into every technical book—please advise us; they will be 
corrected in the next edition. Finally, we will be most grate- 
ful for all suggestions for the future enlargement or improve- 
ment of the book, in any manner whatsoever. 


TERRELL CROFT. 
33 AMHERST AVENUE, UNIVERSITY CITY, 
Satnt Louis, Missourt, 
June, 1917. 
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ELECTRICAL MACHINERY 


SECTION 1 


| PRINCIPLES, CONSTRUCTION AND CHARACTERISTICS 
OF DIRECT-CURRENT GENERATORS AND 
MOTORS 


1. An Electrical Generator or Dynamo* is a machine for 
converting mechanical power into electrical power. A gen- 
erator develops an e.m.f. by cutting lines of force and this 
e.m.f. forces a current to flow provided the external circuit 
is closed. 

2. Performance Specifications are furnished by the manu- 
facturers of generators to prospective customers which indicate 
the efficiencies, temperature rise, etc., of any generator that 
| may be under consideration. These specifications show what 
may be expected of the machine in service and should be 
thoroughly studied by the buyer. 

_ 3. Voltage Regulation (do not confuse with speed regula- 

tion) is the ratio of the change of voltage, between “no load” 
and “‘full load,” to the full-load voltage. It is usually ex- 
pressed as a percentage. Thus, the speed of the machine 


remaining constant: 
no-load voltage — full-load voltage 


full-load voltage 


(1) Voltage regulation = 


By regulation is always meant some change which a machine - 
makes of its own accord when the load is changed. This 
' change is inherent in the machine and is determined by its 
construction. 

4, Control always means some change which an attendant 
brings about in a machine, as, for instance, the raising of the 
voltage by cutting resistance out of the field circuit. 


* A J. B. E. STANDARDIZATION Rute No. 101, June 28, 1916. 
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5. Direct-current Generators develop a direct or continuous 
e.m.f., that is, one that is always in the same direction. Com- 
mercial direct-current generators have commutators and may 
thereby be distinguished from modern alternating-current 
machines. Additional information in regard to commutation 
as applied to direct-current motors, which is in general true for 
direct-current generators, 1s given hereinafter. 

6. Excitation of Generator Fields——To generate an e.m.f., 
conductors must cut a magnetic field which in commercial 
machines must be relatively strong. A permanent magnet 
can be used for producing such a field in a generator of small 
output, such as a telephone magneto or a generator for spark- 
ing for an automobile; but for generators for light and power 
the field is produced by electromagnets, which may be excited 
by the machine itself or “separately. excited”? from another 
source. 

7. Series-wound or Constant-current Generators have 
their armature coils, field coils and external circuits in series 


Series Wound 
Generator 


Fic. 1.—Series-wound generator. 


with one another. See Fig.1. Series generators are now used 
commercially only for series arc-lighting circuits and are 
equipped with automatic regulators (Fig. 2) to maintain the 
current constant, irrespective of the resistance of the external 
circuit, or the number of lamps in service. The same current 
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_ 50 volts the brush pressure 
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_ passes through each lamp in the series and through the gen- 
erator. The voltage at the brushes of a series machine is 


equal to (neglecting a small 

line loss) the voltage per — [7eaa ee pact 4) 
lamp times the number of ‘2 os 
lamps. Thus on a circuit 
of 100 lamps each requiring 
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would be 100 * 50= 5,000 
volts. As shown by the | Fic. 2.—KEssentials of brush-shift- 
graph Df Fig. a it up to ee ee for a constant-current 
a certain maximum value 


with an increase in load—resistance in this case—the voltage 


of the generator increases, tending to maintain the current 
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Fig. 3.—Characteristic graphs or curves of a series generator. 

(The graph No. 1 of I indicates the relation between voltage and cur- 
rent if there is no armature resistance or armature reaction. Hence, 
this is actually a no-load saturation graph of the machine. It is deter- 
mined by separately exciting the field coils so that no current flows in 
the armature. Graph No. 2 shows the actual relation between terminal 
voltage and load current. The total voltage drop consists of that por- 
tion due to the decrease in flux caused by armature reaction and that 
res to send the current through the armature, brushes and series 
coils. 


In the graph of II the values of current in a series generator and the 
resistance of the external circuit are plotted. The critical resistance 
of this particular machine is 4.9 ohms. With an external resistance 
greater than 4.9 ohms, the machine will not excite itself or “build up”’.) 


constant. Automatic regulation to maintain constant current 
is usually effected, commercially, by either shifting the brushes 
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or by cutting in and out portions of the field winding or by a 
combination of the two methods. 
Norn.—A graph is a line representing graphically the relation 


between two quantities which vary simultaneously. Graphs were 
formerly called curves. 


-Armature 


Fig 4.—Regulation of an arc-lamp machine by field variation. 


8. The Essentials of an Arrangement for Regulation by 
Brush Shifting are shown in Fig. 2. (By regulation in this 
case is meant the maintenance of a constant current.) The 
course of the main current is indicated by the heavy line. 


Field Frame 


-Field Winding 


Separately Excited 
Generator 


“ee 


From Source of ~.. 
Exciting Currents 


‘Field Rheostat 


Fic. 5.—Separately-excited generator. 


When the current is at normal value the contactor is held mid- 
way between the contacts C; and C, by the spring. If the 
current increases slightly, the core is pulled down into the 
solenoid and brings the contactor with it, which makes contact 
with C;. This permits a small current in shunt with the 
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solenoid to flow through the clutch B, the mechanical details 
of which are not shown. This clutch pulls the shifting rod 
down and so shifts the brushes as to tend to maintain the 
current at a constant value. A decrease in current allows the 


_7 Double Commutoator. 


A Seporately-Excited \ 
fo Frelol Terminols; \ 
) 


Fic. 6.—A separately-excited generator with a double commutator 
for electrolytic work. (General Electric Co., 5 kw., 6 or 12 volts, 835 
or 415 amp., 1150 r.p.m.) 
spring to pull the contactor against C1; clutch A operates and 
the brushes are shifted in the opposite direction. 

9. The Principle of an Arc-light (Constant-current) Machine 
That is Regulated by Field Variation is illustrated in Fig. 4. 
The lever L is shifted auto- |.) 
matically and cuts in or out &<*ator, ; 
turns of the field magnet so as 
to maintain a constant current 
in the external circuit. Re 

10. Separately Excited | & 
Generators are used for electro- E ol? Seaeessseeit 
plating and for other electro [SF perce etome 
lytic work where it is essential a ieee 
that the polarity of a machine Armature 
be not reversed. Self-excited Ic. 7.—Showing connections 
machines may change their for 3, double-commuisior. on 
polarities. The essential dia- 
grams are shown in Fig. 5. The fields may be excited from 
any direct-current, constant-potential source, such as a storage 


battery or lighting circuit. 


--Main Lead 


Separately-Excited-" 
Fielo Windings 


‘ 


Main Lead 
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The field magnets can be wound for any voltage because 
they have no electrical connection with the armature. With 
a constant field excitation, the voltage will drop slightly from 
no-load to full-load because of armature drop and armature 


Retaining. Le Ventilating Ducts 


“ Bonds, 


‘ Armature Winoling Z 
“Double Comrmutoatar-” 


Fic. 8.—A double-commutator armature for a low-voltage ‘electrolytic’ 
generator. 


reaction. Inasmuch as the machines of this type (Fig. 6) used 
in electrolytic and electroplating work may carry exceedingly 
large currents, they are frequently provided with two com- 
mutators as shown in Figs. 7 and 8 so that the current may 


Shunt Wound 
Generator 


~-Shunt-Fiela 
Rheostat 


Fic. 9.—Shunt-wound generator. 


be carried jointly by the two commutators. That is, each 
commutator should carry one-half of the total current output 
of the machine. 

11. The Shunt-wound Generator is shown diagrammatic- 
ally in Fig. 9. Shunt generators are now seldom used. They 
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have been largely superseded by compound-wound machines. 
_ The exciting current, a small part of the total current, is 

shunted through the fields. The exciting current varies from 
possibly 5 per cent. of the total current in small machines to 
1 per cent. in large ones. The exciting current is determined 
by the voltage at the brushes and the resistance of the field 
winding. Residual magnetism in the field cores permits a 
shunt generator to “build up.” This small amount of magne- 
tism that is retained in the field cores induces a voltage in 
the armature.* ‘This voltage sends a slight current through 
the field coils which increases the magnetization. Thus, the 
induced voltage in the armature is increased. This in turn 
increases the current in the fields, which still further increases 


40 


<1 Oo a2 0.6 1.0 14 18 22 
0 300 = =600 900 1200 04 08 1.2 16 20 
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Fra. 10.—Showing characteristic graphs for a shunt-wound generator. 


the magnetization, and so on, until the saturation point and 
normal voltage of the machine are reached. This “building 
up” action is the same for any self-excited generator and 
often requires 20 to 30 seconds. 

12. When a Shunt Generator Runs at Constant Speed, 
as more and more current is drawn from the generator, the 
voltage across the brushes falls slightly. This fall is due to 
the fact that it requires more and more of the generated 
voltage to force this increasing current through the windings 
of the armature. That is, the armature JR drop increases. 
This leaves a smaller part of the total e.m.f. for brush e.m.f. 
Then when the brush pressure falls there is a slight decrease 
in the field current, which is determined by the brush pressure. 
This causes the total e.m.f. to drop a little, which still further 


*ELements oF Evecrriciry, W. H. Timbie. 
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lowers the brush potential. These two causes combine to 
gradually lower the brush pressure (voltage) especially at heavy 
overloads. The curve in Fig. 10 shows these characteristics. 
For small loads the curve is nearly horizontal, but at heavy 
overloads it shows a decided drop. The point where the out- 
put of a commercial machine drops off is beyond the oper- 
ating range and is only of theoretical interest. 

13. The Voltage of a Shunt Machine May be Kept Fairly 
Constant by providing extra resistance, R, in the field circuit, 
see Fig. 11, which may be cut out as the brush potential 
falls. This will allow more current to flow through the field 
coils and increase the number of magnetic hnes set up in the 
magnetic circuit. If the speed is maintained constant, the 
armature conductors cut through the stronger magnetic field 
at the same speed, and thus in- 
duce a greater e.m.f.and restore 
the brush potential to its for- 
mer value. This resistance 
may be cut out either auto- 
matically or by hand. 

, 14. A Shunt-wound Gener- 
Fic. 11.—Elementary circuit ator Normally Gives a Fairly 
Cp anata generator and Constant Voltage even with 
varying loads, and can be used 
for incandescent lighting and other constant-potential loads. 
These generators do not operate well in parallel, partially 
because the voltage of one machine may rise above that of 
the others and it will run them as motors. Shunt generators 
running in parallel do not “divide the load”’ satisfactorily 
between themselves. They are seldom installed now, as com- 
pound-wound generators are more satisfactory for most pur- 
poses. Shunt generators may be bipolar (two poles) or 
multipolar (more than two poles) as may compound-wound 
generators. See the following articles. 

15. The Compound-wound Gerierator is shown diagram- 
matically in Fig. 12. If a series winding be added to a shunt 
generator (Fig. 9) the two windings will tend to maintain a 
constant voltage as the load increases. The magnetization 


Src. 1] GENERATORS AND MOTORS 9 


due to the series windings increases as the line current increases, 
which will cause the voltage generated by the armature to 
rise. The drop of voltage at the brushes that occurs in a 


-Field Frame 


Compound Wound 
Generator 


Series-Field Winding 


<—To Load 


Ainutf 
Rheostat 


‘Field 


Fig. 12.—Compound-wound generator. 


shunt generator is thus compensated for. See also Fig. 13 
and Art. 76. 

16. A Flat-compounded Compound-wound Generator is one 
having its series coils so proportioned that the voltage (Fig. 
15) remains practically con- sii eeer ir 
stant at all loads within its in Mele Switch 
range. dine, 

17. An Over-compounded 3 


Generator has its series wind- Se eae S 
. . d tl s BS <7 Series Shunt ee 

E 8 SEN 
ings so proportioned that its ‘ Sera eee 8 
full-load voltage (Fig. 14) is & re 


greater than its no-load volt- 
age. Over-compounding is 
necessary. where it is desirable 
to maintain a practically con- — yyq._ 13.—Elementary connec- 
stant voltage at some point tions for parallel operation of 
Mees linesdietant. from compound-wound generator, 
the generator. It compensates for line drop. 

18. The Characteristic Curve of a Compound-wound 
Machine (Fig. 15) indicates how the terminal voltage is due 
to the action of both shunt and series windings. The voltage 
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of the compound generator at any load (AD) is equal to the 
sum of the voltage due to shunt winding (AC) plus that due 
to the series winding (AB). Generators are usually over-com- 
pounded so that the full-load voltage is from 5 to 10 per cent. 
greater than the no-load voltage. See Fig. 14. 
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Fre. 14.—Voltage graphs of an ‘‘over-compounded generator. (In prac- 
tice most compound-wound generators are thus over-compounded.) 


Although compound-wound generators are usually provided 
with a field rheostat, it is not intended for regulating voltage 
as the rheostat of a shunt-wound machine is. It is provided 
to permit of initial adjustment of voltage and to compensate 
for changes of the resistance of the shunt winding caused by 
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Fic. 15.—Characteristic graph for a compound-wound generator. 
(This graph is from a flat compound machine.) 


heating. With a compound-wound generator, the voltage 
having been once adjusted, the series coils automatically 
strengthen the magnetic field as the load increases. For di- 
rect-current power and lighting work, compound-wound gen- 
erators are used almost universally. 
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-19. If a Compound-wound Generator is Short-circuited 
the field strength due to the series windings will be greatly 
increased, but the field due to the shunt winding will lose its 
strength. For the instant or so, that the shunt magnetization 
is diminishing, a heavy current will flow. If the shunt mag- 
netization isa considerable proportion of the total magneti- 
zation, the current will decrease after the heavy rush and 
little harm will be done if the armature has successfully with- 
stood the heavy rush. However, if the series magnetization 
is quite strong in proportion to the shunt, their combined 
effect may so magnetize the fields that the armature will be 
burnt out. 


“Shunt -Field Rheostat 


ySeries-Fiela Winding 


Field atte 
Rrheostar- 


‘Shunt-Field Winding 


Fia. 16.—“Short-shunt’’ method Via. 17.—Long-shunt com- 
of connecting a compound-wound pound-wound generator. 
generator. 


20. A Short-shunt Compound-wound Generator (Fig. 16) 
has its shunt field, /, connected directly across the brushes, 
A and B. Generators are usually connected in this way be- 
cause it tends to maintain the shunt-field current more nearly 
constant on variable loads, as the drop in the series winding 
does not directly affect the voltage impressed on the shunt field. 

21. A Long-shunt Generator has its shunt-field winding 
connected across the terminals of the generator. See Fig. 17. 

22. The Compounding of a Direct-current Generator Will 
Change with Its Speed* because the location of the no-load, 
normal-voltage point (A, Fig. 18) on the magnetization graph 
is determined by the speed. Thus consider the following 
example: 


* Gordon Fox in Execrridan Reyimw AND WrsTeRN ELECTRICIAN. 
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Exampiy.—Point A (Fig. 18) represents the magnetization corre- 
sponding to an e.m.f. of 230 volts without load at 250 r.p.m. The 
series ampere-turn magnetization is represented by AB. The full-load 
voltage is higher than the no-load voltage by an increment or increase 
BC, which represents the amount of overcompounding. Assume that 
the generator speed is increased to 275 r.p.m. The no-load e.m.f. cor- 
responding to 230 volts at the terminals would now be about 10 per cent. 
iower because the speed has been increased 10 per cent. This point is 
at D, The number of series ampere-turns at full-load is the same shown 
as before, the distance DE (equal to AB) representing this magnetizing 
influence. 

The over-compounding is here shown by the increment HF. It will 
be noted that the distance HF is considerably greater than BC. This 
means that the generator will over-compound to a greater degree when 
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Fic. 18.—Magenetization graph Fic. 19.—Graphs for the same 
of a 220-volt direct-current gener- generator showing voltage regu- 
ator normally operating at 250 lation at different speeds. 


r.p.m. 


operated at 275 r.p.m. than when driven at 250 r.p.m., other conditions 
being unchanged. The distance HF does not represent the voltage rise 
accurately. It represents the increase in magnetic density from no-load 
to full-load. An equal increase in magnetic density will cause a greater 
increase in voltage at 275 r.p.m. than at 250 r.p.m. Hence, the rise in 
voltage at the increased speed is, in reality, greater than is indicated on 
the graph. 


23. The Voltage Regulation for the Same Generator 
Operating at Two Different Speeds* is shown by the graphs 
of Fig. 19. The curve, X, for the generator operating at 250 
r.p.m. is here similar to AC of Fig. 18. This curve is not 
strictly accurate, as engine regulation, armature reaction and 
internal resistance tend to cause the voltage to decrease with 


* 6 
Gordon Fox in ExrcrricaL REvIEW AND WESTERN ELECTRICIAN. 
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load. The increase in terminal voltage due to over-com- 
pounding, renders the shunt-field influence greater under full- 
load conditions. This latter factor about offsets those first 
mentioned, leaving the curve, as shown, nearly unchanged. 
The curve, Y, showing the voltage regulation of the generator 
when driven at 275 r.p.m., is obtained from the portion DF 
in Fig. 18. The values have been modified, however, by in- 
creasing the magnetic density increments, such as EF, by the 
ratio 275 : 250 to correct for increase in speed. 

24. The Portion of the Magnetization Curve Over Which 
a Generator Operates Determines the Contour of its Voltage- 
regulation Curve,* and this may materially affect parallel 
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Fic, 20.—Graphs showing regulation of two generators both compounded 
to impress the same voltage at full load. 


operation. In Fig. 20 are shown two voltage-réegulation curves 
of two generators having equal voltage rise from no-load to 
full-load. They are both equally over-compounded. But, at 
fractional loads, for instance at half-load, CD, there is consid- 
erable difference in terminal voltage. If these two generators 
were connected in parallel, machine A would take a greater 
share of the load at half-load. To secure correct.load division 
over the entire operating range, two or more generators must 
have compounding curves which are similar. From what has 
preceded it is evident that by adjustments of prime-mover 
speed it is possible to modify the compounding curves so as 
to improve the load division. 


* Gordon Fox in EvxecrricaAL Revyisw AND WESTERN ELECTRICIAN. 
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25. Speed Changes Have an Effect on the Temperature of 
a Generator.* When operating at increased speeds the iron 
is worked lightly, hence core losses are low. The increase in 
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Fic. 21.—Showing cumulative and differential-compound windings for 
direct-current generators and motors. 


windage and ventilation also tends toward cooler operation. 
When the machine is operated below normal speed, it will 
tend to run warmer. The shunt-field coils in particular will 


pere-turns are required to secure 
the desired no-load voltage. 

26. Differential and Cumulative- 
compound Windings for direct-cur- 
rent motors and generators are illus- 
trated diagrammatically in Fig. 21. 
With a machine which is wound dif- 
ferentially the shunt and series fields 
“Shunt Oppose each other (IJ), and as the 
load increases, the electromagnetic 

‘ field due to the series winding would 

Berea tel ena ot increase correspondingly and ‘‘over- 
pound-wound generators to come’ the field due to the shunt 
Peace oard (Westing- winding. This would tend to change 
the direction of the magnetic field 

in the air gap and reverse the direction of the e.m.f. of a 
generator or the direction of rotation of a motor. Where 
machines are “cumulative-compound” wound, as at I, the 


* . 
Gordon Fox in Enxcrrican Rryrew anpD WESTERN ELECTRICIAN, 
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be affected, since more shunt am-. 
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_ Series and shunt-field windings ‘‘assist”’ instead of “oppose” 

each other. 

_ 27. A Series Shunt for a Compound-wound Generator con- 
sists of a low-resistance conductor arranged across the termi- 

nals of the series field (see Figs. 13 and 

_ 22) by means of which the compound- 
ing effect of the series winding may be 
regulated by shunting more or less of 
the armature current past the scrics 
coils. The series shunt may be in the 
form of grids, on large machines, or 
for smaller generators in the form of 
ribbon resistors. In the latter case 


: ; Direction of 
the resistors are usually insulated and Magnetic Flux. 


folded into small compass. Fra. 23.—Magnetic 
28. Nearly All Commercial Direct- circuits of a four-pole 


enerator. 
current Generators and Motors Have 2 


More Than Two Poles.—In some of the preceding diagrams 
' only two were shown so that the diagrams would be simple. 
A two-pole machine is a bipolar machine; one having more 
than two poles is a multipolar machine. Fig. 23 shows the 
direction of the magnetic flux of a four-pole machine. Dia- 


a ST 


: — — 
~ = (fee VAAN A 
Fielal Cores “.Windings 


1- Old Bipolar Machine Il-Modern Bipolar Machine Il- Multipolar Machine 
Fia. 24.—Direction of field windings on generator frames. 


} grams for machines having more poles would be similar. In 
multipolar machines there is usually one pair of brush sets 
for each pair of poles, but with series-wound armatures, such 
as are frequently used for railway, automobile and crane 
motors, one set of brushes may suffice for a multipolar 
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machine. The connections of different makes of machines 
vary in detail and the manufacturers will always furnish 
complete diagrams, so no attempt will be made to give them 
here. The directions of the field windings on generator frames 
are given in Fig. 24. The directions of the windings on 
machines having more than four poles are similar, in general, 
to those of the four-pole machines. 

29. Direct-current Generators May be Classified Into: 
(1) Non-commutating Pole; (2) Commutating Pole; and (3) 
Compensated, as regards their commutating characteristics. 
In non-commutating-pole generators no special provision is 
made to insure the existence of a flux to produce sparkless 


Field Frarne., 


Series Interpole 
Winding Winding Armature 
0000 TH 


0) AWN" = 
Shunt Fheostat 


: Lqualizer: - Windirg 
Frheostat.... 
1 Diagram Equalizer-----7 4} 
8 Negative" “Positive 


T Wiring on Frame 


Vic. 25.—Diagram of compound-wound ‘commutating-pole machines. 


commutation—except that this condition may be partially 
realized by shifting the brushes of the machine. With com- 
mutating-pole generators the auxiliary poles produce a flux at 
such a location that it will—as hereinafter described—practi- 
cally eliminate brush sparking. The compensated generator 
(Art. 37), in addition to having commutating poles, has con- 
ductors to neutralize the effect of armature reaction, imbedded 
in the main pole faces. 

30. Commutating-pole Generators and Motors, Fig. 25.*— 
The principal advantage of the commutating-pole construction 
resides in the fact that with it the commutation can be ren- 
dered practically perfect under any condition of service, 


*Sranparp HanpsBoox. 
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31. The Object in Using the Commutating Poles* is to 
produce within the armature coil under commutation an e.m.f. 
of the proper value and sign to reverse the current in the coil 
while it is yet under the brush—a result that is essential to 
perfect commutation. The variation in the flux distribution 
in the air gap of a commercial direct-current machine of the 
ordinary shunt-wound type, at no-load and under full-load, 
is shown in Fig. 26. Consider now the value and position 
of the flux in the coil under the brush when the machine is 
operating at full-load. The motion of the armature through 
this flux causes the generation within the coil of an e.m.f., 
and the sign of this e.m.f. is such as to tend to cause the 
current in the coil to continue 


in the direction which it had eT ee 
before the coil reached the COE RES CCOEe 
brush, and hence it opposes : . 


the desired reversal of the cur- 
rent before ‘the coil leaves the 
brush. 

There is an additional detri- 
mental influence which tends to ° Scrat neues oo 
retard the rapid reversal of the  Fyq. 26.—Distribution of mag- 
current even when all other in- netic flux at no load and at full 

. load, without commutating poles. 
fluences are absent. This 
latter influence is due to the local magnetizing effect of the 
current in the coil under the brush. On account of this, lines 
of force surround the conductor, the change in the intensity 
of which lines, with the fluctuations of the current as it tends 
to be reversed, generates in the coil an e.m.f. which opposes 
the change in the intensity of the current. This reactive 
e.m.f. is in the same direction as that due to the cutting of 
the flux by the coil under the brush and is likewise propor- 
tional to the speed. 

It will be apparent that even were the field distortion com- 
pletely neutralized, the detrimental reactive e.m.f. would yet 
remain. The improved and practically perfect commutation 
of a commutating-pole machine is due to the fact that the 


* WesTINGHOUSE PUBLICATION. 
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flux, which is locally, superposed upon the main field, not only 
counterbalances the undesirable main flux cut by the coil 
under the brush, but it causes to be generated within the coil 
an e.m.f. sufficient to equal and oppose the reactive e.m.f. just 
referred to. This effect will be appreciated from a study of 
Fig. 27, which represents the distorted flux of the motor of the 
usual design, as shown in Fig. 26, and indicates the results to 
be expected when the flux due to the auxiliary or commutating 
pole is given the relatively proper value. 
The effect of the commutating poles is the more pronounced 
the weaker the main field; and the commutation voltage 
thereby induced if correct for 
ae Pole is Pole a low speed, is correct for a 
PL LRAT UA YT] 1 = high speed. With increase of 
load-current and main-field dis- 
tortion there is a proportional 
increase of counter-magnetiz- 
ing field produced in the coil 
under the brush, up to the 
0 30 130 270 ae point of magnetic saturation 
Electrical Space Degrees. of the auxiliary or commutat- 


Fig. 27.—Distribution of mag- ing pole. Sparkless operation 
netic flux at full load, with and :. :; dae ll : 
without commutating poles. a ne or all operating 


ranges both of speed and load. 
32. Commutating-pole, Direct-current Generators are simi- 
lar in construction and operation to commutating-pole motors. 
Ordinary generators* that operate under severe overloads and 
over a wide speed range are liable to spark under the brushes 
at the extreme overloads and at higher speeds. Thisis because 
the field due to the armature current distorts the main field to 
such an extent that the coils being commutated under the 
brush are no longer in a magnetic field of the proper direction 
and strength. ‘To overcome this, ‘‘interpoles” (Figs. 28 and 
29) are placed between the main poles. See Fig. 25. These 
commutating poles introduce a magnetic field of such direction 
and strength as to maintain the magnetic field, at the point 
where the coils are commutated, at the proper strength for 
* Westinghouse Elec. & Manfg. Co, 
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Fic. 28.—Westinghouse method of constructing main poles for medium 


and large direct-current generators. 
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Fra. 29.—Details of construction of a commutating pole on a Westing- 


house generator. 
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perfect commutation. Commutating poles are sometimes 
called ‘“‘interpoles” but ‘‘commutating poles” is the preferable 
term. 

33. The Winding of the Commutating Poles is connected 
in series with the armature so that the strength of the cor- 
rosive commutating-pole field is proportional to the load. The 
adjustment and operation of commutating-pole generators is 
not materially different from that of non-commutating-pole 
machines. 

34. When the Brush Position of a Commutating-pole Ma- 
chine Has Once Been Properly Fixed, No Shifting is After- 
ward Required or should be made, and most of these gen- 
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Fie. 30.—Distribution of flux in a commutating-pole generator. 


erators are shipped without any shifting device. An arrange- 
ment for securely clamping the brush-holder rings to the field 
frame is provided. 

35. In Commutating-pole Apparatus Accurate Initial Ad- 
justment of the Brush Position is Necessary.—The correct 
brush position is on the no-load neutral point, which is located 
by the manufacturer. A templet is furnished with each ma- 
chine, or some other provision is made whereby the correct 
brush location can be determined by the installer. If the 
brushes are given a backward lead on a commutating-pole 
generator, the machine will over-compound and _ will not com- 
mutate properly. With a forward lead of the brushes, a 
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generator will under-compound and will not commutate 


properly. 


t-Commutating Pole Machine 


I- Compensated Machine 


Fie. 31.—Showing commutating and compensated pole direct-current 
generators, 


36. The Action of the Magnetic Flux in a Commutating-pole 
Generator is illustrated in Fig. 30. The direction of the main 


field flux is shown by the dashed line. 


armature magnetization is 
shown by the dotted lines. 
The direction of the flux in the 
interpole is shown by the full 
line. It is evident that the 
interpole flux is in a direction 
opposite to that of the arma- 
ture flux, and as the interpole 
coil is more powerful in its 
magnetizing action than the 
armature coils, the flux of the 
armature coils is neutralized. 
With a less powerful magne- 
tizing force from the interpole 
than from the armature, the 
armature would overpower the 
interpole and reverse the direc- 
tion of the flux, which would 
result in an unsatisfactory 
commutating condition. 


The direction of the 


Magnetizing 


as 
at 


ea 


i 


= 
~ 
£ 
S 
& 
§ 
S 
8 


o 
s 
Q 


~~~Frame 


Fia. 32.—Portion of the stator 
of a “compensated.” Direct-cur- 
rent generator showing magnetiz- 
ing conductors embedded in the 
main-pole faces. 


37. The Compensated Generator* has, by virtue of its com- 
pensated winding which is located in the main pole faces 


* See article “‘ The Compensated Generator’’ by David Hall in PracricaL ENGINEER 


for Sept. 15, 1916, 
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(Figs. 31 and 32), the property within itself of compensating 
armature reaction. That is, it neutralizes the magnetizing 
effect of the armature winding. In the compensated machine, 
conductors in series with the armature winding are also im- 
bedded in the main pole faces, as suggested in the illustration. 
With the conductors thus located in the pole faces, the effect 
of armature magnetization and the distortion of flux incident 
thereto may be more effectively ‘‘neutralized” than with 
‘commutating poles alone. 


Nors.—It should be noted* that the commutating-pole machine and 
the compensated machine are distinct forms. The compensating winding 
and the commutating poles may or may not be combined in the same 
machine. That is, a “ compensated,” direct-current motor or generator 
may be designed without commutating poles. It is, however, the 
almost-universal practice in designing modern direct-current machines 
to provide a commutating pole and winding or to provide a central 
tooth with heavy excitation to generate commutating flux over the 
commutation zone regardless of whether or not a compensating winding 
is used. 

The compensating windings are, in general, particularly desirable only 
for machines in which the voltage between commutator bars is, for 
some reason or other, relatively great. Hence, they are applied to high- 
voltage machines or to machines which, due to severe operating condi- 
tions, would be subjected to excessive voltage between the commutator 
bars under the pole tip. Without compensation, the coils connecting to 
such bars would, at the instant of commutation, be cutting a magnetic 
field of high density because of armature reaction. Furthermore, the 
increase in iron losses, in the armature teeth, at full load over their no- 
load losses, which results from flux distortion is, in non-commutating- 
pole machines, largely eliminated by the use of the compensating 
winding. This, in certain cases, may render it possible to dispose the 
active material in the armature somewhat more economically in com- 


pensated machines than would be possible in machines of the non- 
compensated types. 


38. Three-wire Direct-current Generators} are ordinary 
direct-current generators (Figs. 338, 34 and 35) with the 
modifications and additions (Fig. 36) described below. 
They are usually wound for 125—250-volt three-wire circuits. 
In Westinghouse three-wire generators four equidistant taps 


*A. C. Lanimr. 
t+ Westinghouse Elec. & Manfg. Co. 
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Fic. 35.—A double-commutator, single-armature, three-wire generator 
(125 volts per commutator). 
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Tia. 36.—Diagram illustrating the principle of the three-wire generator, 
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Fig. 39.—Sectional elevation of Westinghouse three-wire generator, 


Src. 1] GENERATORS AND MOTORS 25 


are made in the armature winding, and each pair of taps 
diametrically opposite each other is connected together 
through a balance coil. See Figs. 37 and 38. The middle 
points of the two balance coils are connected together and 
this junction constitutes 
the neutral point to 
which the third or neu- 
tral wire of the system 
is connected. A con- 
stant voltage is main- 
tained between the neu- sez. 
tral and outside wires “4% 
which, within narrow 
limits (Fig. 36) is one- 
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Shunt Field 


‘Shunt — Shunt 


Fld. Fil 
half the generator volt- Fra. 40.—One Three-wire direct-current 
age. The generator generator, 125-250 volts in parallel with two 


shaft is extended at the two-wire generators, 125 volts. Diagram 
of connections. 


commutator end for the 

collector rings (Fig. 39). Four collector brushes and brush 
holders are used in addition to the regular direct-current 
brushes and brush holders. 
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Fra. 41.—Connections of a three-wire generator operating in parallel 
with a two-wire generator. 


39. The Series Coils of Compound-wound Three-wire 
Generators Are Divided into Halves (see Figs. 40 and 41), 


one of which is connected to the positive and one to the 
negative side. This is done to obtain compounding on 
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either side of the system when operating on an unbalanced 
load. To understand this, consider a generator with the 
series field in the negative side only and with most of the 
load on the positive side of the system. The current flows 
from the positive brush through the load and back through 
the neutral wire without passing through the series field. 
The generator is then operating as an ordinary shunt machine. 
If most of the load be on the negative side, the current flows 
out the neutral wire and back through the series fields, 
boosting the voltage on that side only. Such operation is 
evidently not satisfactory, and so the divided series fields 
are provided. 

40. Wires Connecting the Balance Coils to a Three- 
wire Generator must be short and of low resistance. Any 
considerable resistance in these will affect the voltage regula- 
tion. The unbalanced current flows along these connections; 
consequently, if they have 


- 5 much resistance, the re- 
(i ocme ete ao fe sulting d It 
I BK. WI: 7 | on 1D. Vv } 

ic with Ee ie sulting drop in voltage 
e hg @ | reduces the voltage on the 

: $ heavily loaded side. 
lq. | or ogg ene ee 41. Switches Are Not 
inh Bie Ordinarily Placed in the 

Series| el i i i 
‘f swans ap Gr | Circuits Connecting the 
Belin : Fak ex met Collector Rings to the 
Am.Shunts"—-Am.Shunts-~- = Balance Coils.— When 


Fic. 42.—One three-wire direct cur- necessary, the coils may 


pent ent, 125-150 volts, in par- be disconnected from the 
allel with one two-wire generator, 250 oe 
volts. Diagram of connections. i generator by raising the 


brushes from the collector 
rings. Switching arrangements often make it necessary to run 
the balance-coil connections to the switchboard and back. 
This necessitates heavy leads to keep the drop low. If 
heavy leads are not used, then poor regulation may result. 
The balance coils are so constructed that there is very little 
likelihood of anything happening to them that will not be 
taken care of by the main circuit-breakers. Complete 
switchboard connection diagrams are given in Figs, 40, 42 and 
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43. Fig. 44 shows a simplified diagram of two three-wire 
generators arranged for parallel operation. 

42. Commutating-pole, Three-wire Generator Connections 
(Fig. 45) are so made that one-half of the commutating- 
pole winding is in the positive side and the other half is in 
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Fig. 43.—Diagram of connections of two three-wire direct-current gen- 
erators operating in parallel, 125-250 volts. 
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Fia. 44.—Two three-wire generators (of the type having the balance 
coil mounted in and rotating with the armature) connected for parallel 
operation. 


the negative side. This insures proper action of the inter- 
poles at unbalanced load. See Figs. 40, 42 and 43 and the 
text accompanying them. 

43. The Sources of the Losses in Direct-current Motors 
and Generators are (Fig. 46): (1) The resistance of cir- 
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cuits carrying current, including those of the armature, 
field coils, interpoles and brush contact; (2) hysteresis and 
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Fig. 45.—Connections for the parallel operation of two commutating- 
pole, three-wire generators. 


eddy currents in the armature-core structure; (3) friction, 
including that of the commuta- 
tor and bearings, and windage, 
or the friction produced by the 
rotation of the armature in the 
alr. 

44, Performance Data for 
Standard Compound-wound 
Direct-current, Commutating- 
pole Generators will be found 
tabulated in the  author’s 
AMERICAN ELECTRICIAN’S HAND- 
BOOK. The efficiencies at vari- 
ous loads, and the current out- 

puts at the different standard 
Be eS raat fH voltages “for = Maachinies salman 


Fic. 46.—Losses, individual Standard capacities are there 
and total, in a 20 h.p., 220- given. 
volt, direct-current motor, or 
in an equivalent generator. - 45. The Performance Guar- 


antees on Direct-current Gen- 
erators for reciprocating engine drive are still made on the 
so-called ‘‘normal”’ basis described hereinunder. It is not 
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improbable that all direct-current generators will ultimately 
be rated on the continuous basis (Art. 47a). These nor- 
mally rated direct-current generators are usually guaranteed 
to operate continuously at their full-rated (nameplate) kilo- 
watt outputs with a temperature rise not to exceed 40 
deg. C. and furthermore they will operate at an overload of 
25 per cent. above their normal or nominal ratings for two 
hours with a temperature rise not to exceed 55 deg. C. 
Direct-current generators for turbine drive are also rated on 
the normal basis and will deliver continuously their rated kw. 
outputs with a 45-deg. C. rise and have an overload capacity 
of 25 per cent. for two hours, with a rise not to exceed 55 
deg. ‘These rises are now all based on an ambient (Art 476) 
temperature of 25 deg. C.* 

46. Performance Data for Direct-current Motors will be 
found tabulated in the author’s AMERICAN ELECTRICIAN’S 
Hanpspoox. The current inputs and efficiencies of machines 
of different capacities and voltages are there shown. 

47. Performance Guarantees on Direct-current Motors are 
now usually made on the so-called “‘normal” basis. How- 
ever, it is probable that all motors made in this country will 
shortly be rated on the continuous (Art. 47a) basis. The 
normal rating usually given these motors specifies that 
they will operate continuously at their rated (nameplate) 
horse-power outputs with a temperature rise not to exceed 
40 deg. C. and that they will operate at a 25 per cent. over- 
load for two hours with a temperature rise not to exceed 55 
deg. C. The above rises are now based on an ambient (Art. 
47b) temperature of 25 deg. C.* 

47a. Continuous Rating.t—A machine thus rated shall be 
able to operate continuously at rated output, without exceed- 
ing the limitations referred to in Std. Rule No. 260. 


Norr.—Rule 260 is: “To insure satisfactory results, electrical ma- 
chinery should be specified to conform to the Institute Standardization 


*Note, from Art. 476, that 25 deg. C., though it is now used by practically all 
manufacturers for d. ec. machines is not the standard recommended by the A. I. E.E. It 
is probable that the standard 40 deg. ambient temperature will ultimately be adopted 
universally. 

+ A. L. E. E. Standardization Rules. 
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Rules, in order that it shall comply, in operation, with approved limita- 
tions in the following respects, so far as they are applicable: (a) 
Operating temperature. (b) Mechanical strength. (c) Commutation. 
(d) Dielectric strength. (e) Insulation resistance. (f) Efficiency. (9) 
Power factor. (h) Wave shape. (i) Regulation. 


47b. The Ambient Temperature* is the temperature of 
the air or water which, coming into contact with the heated 
parts of a machine, carries off its heat. (See Arts. 47 and 256.) 

Nore.—For water-cooled machinery, the standard temperature of 
reference for incoming cooling water shall be 25° C* (77 deg. F), measured 
at the intake of the machine. ‘The standard* ambient temperature of 
reference for air shall be 40 deg. C (104 deg. F).” 

48. To Compute the Kilowatt Output, or the Current, or 
Voltage of any Direct-current Generator, it is merely 
necessary to remember that the product of current X voltage 
= watts and that there are 1,000 watts in a kilowatt. Thus: 


EXI 


(2) kw.o = 1.000 (kilowatts) 
kw. 1 

(3) E= Aiea 008 (ols) 
: kwo X1 

(4) I= ee (amperes) 


Wherein, kw.o = the power output of the generator, in kilo- 
watts. H =the e.m.f., in volts, which the generator im- 
presses at its terminals on the line. J = the current impelled 
by the generator, in amperes. 


ExampLe.—What is the kilowatt output of a direct-current gen- 
erator when it is impressing 500 volts on its external circuit and im- 


pelling a current of 124 amp.? Sonution.—Substitute in equation (2): 


kw.o = (E XI) + 1,000 = (500 X 124) + 1,000 = 62 kw. 

ExampLe.—A certain 220-volt direct-current generator has a full-load 
rating of 50 kw. What is the full-load current of this machine? 
SoLutTion.—Substitute in equation (4): J = (kw. X 1,000) + # = 
(50 X 1,000) + 220 = 227 amp. 

49. To Compute, for a Direct-current Generator, Either 
the Horse-power Input, the Kilowatt Output or the Efficiency 
when the Values for Any Two of these Quantities are 


*A. I, E. E, Standardization Rules, December 1916, 
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Known (it being remembered that there are 746 watts in a 
horse-power) the following formulas may be used: 


kw. 
(5) h.pa = EOE (horse-power) 
(6) kw.o = h.ip.i X E X 0.746 (kilowatts) 
kw. : 
(7) E = ipa X 0.746 (efficiency) 


Wherein, all of the symbols have the same meanings as in 


_ Art. 50 except that kw.o = the output in kilowatts of the 


generator. 


ExampLe.—lf a direct-current generator delivering 400 kw. has at 
that load an efficiency of 87 per cent., what horse-power is then required 
to drive the machine? Souutron.—Substitute in equation (5): h.p.i = 
kw.) + (E X 0.746) = 400 + (0.87 X 0.746) = 400 + 0.65 = 615.4 h.p. 


50. To Compute, for a Direct-current Generator, Either 
the Horse-power Required to Drive it, its Voltage, Current 
or Efficiency when the Value of only One of these Quantities 
is not Known, one of the following formulas may be used: 


i ef 
f ee ee = ° 
8) h.p.i EX 746 (horse-power) 
: oy OFS E 4 
: (9) K= Ev Res (volts) 
hpi XE 4 
(10) fee ae ete! (amperes) 
Eee nee 
(11) hips < 146 (efficiency) 
Wherein, h.p.; = the input of the generator in horse-power. 
E = the e.m.f., in volts, impressed by the generator on the 
external circuit. J = the current impelled in the external 


circuit by the generator. E = theefficiency of the generator 
expressed decimally. 


ExamrLE.—What horse-power would be required at the pulley, 
P, of the direct-current, 220-volt generator shown in Fig. 47, when 


' the machine was delivering 300 amp., assuming that its efficiency at 


this load is 90 per cent.? Sonution.—Substitute in equation (8): 
hpi = (FE XI) + (E X 746) = (220 X 300) + (0.90 X 746) = 66,000 
+ 671.4 = 98.3 h.p. That is, under these conditions, 98.3 h.p. would 
have to be delivered at the pulley, P, to pull the load, 
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Ex AMPLE.—What will be the efficiency of a 220-volt, direct-current 
generator, if, when it is delivering a current of 108 amp. it requires 37.5 
h.p. at the pulley of the generator to drive it? SoLtution.—Substitute 
in equation (11): E = (E XI) + (h.pa X 746) = 23,760 + 27,975 = 
0.849 or, say, 85 per cent. 


Direct-Current Generator, 
(Efficiency at this ~ 
Load = 90%) 


,Ammeter 
Voltmeter f Reads 300Amp 


Fia. 47. —Example in teehee size of scan engine required to drive a 
direct-current generator. 


51. To Find the Size Engine Required to Drive a Direct- 
current Generator first compute the horse-power necessary 
to drive the machine at full-load by using equation (8). 
Then, select the engine of such a capacity that it will drive 
the generator, the overload capacity of the engine and the 
generator, if there is such, being considered in each case. If 
the generator is rated on the maximum or continuous basis, 
due allowance must be made for this in selecting the engine. 
If the generator is to be belt-driven an allowance for a power 
loss of from 2 to 5 per cent. in the belt drive should also be 
made. 


Nore.—For a direct-current generator, 0.746 X engine brake horse- 
power = the kilowatt capacity of the engine, which would be the power 
input, in kilowatts, to the generator. Multiplying this quan- 
tity by the assumed efficiency of the generator will give the kilo- 
watts output of the generator. Where this generator efficiency is 
not known it may be assumed to be 90 per cent., which is an average 
value. Thus, for a working approximation: 0.90 xX 0.746 xX brake 
horse-power = the kilowatt rating of generator. A complete table 
of the efficiencies of direct-current generators of various capacities 
will be found in the author’s American ExEecrrician’s HanpBoox. 
In the discussion immediately preceding, it has been assumed that 
the brake horse-power of the engine in question is known. If it is 
not, a sufficiently accurate expression for brake horse-power may be 
obtained by multiplying the indicated horse-power of the engine by 
its efficiency, an average value for which may be taken as 90 per cent. 
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ExamPiE.—What size internal-combustion engine, that is, gas, 
. gasoline or oil engine, should be used to drive the 50-kw. normally 
rated, direct-current generator shown in Fig. 48? Soturion.—N ormally 
rated generators usually have an overload capacity of 25 per cent. 
for two hours. Hence, the maximum power that this machine could 
develop for any considerable length of time would be: 50 kw. X 1.25 
= 62.5 kw. Now, from equation (5), h.p.i = kw.o + (E X 0.746) = 
62.5 + (0.84 X 0.746) = 99.6 h.p. That is, 99.6 h.p. would be re- 
quired in mechanical power at the generator pulley, to produce 62.5 kw. 
of electrical power at the generator terminals. Assuming a_ belt 


Myt— uy 
na Lut 


50 kw. Normally Rated 
Direct-Current Generator 
(Efficiency = 84%) 


Belt Loss = 
Oo 


Se/t Drive. 
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Fig. 48.—Example in computing size of gas-engine required to drive a 
direct-current generator. 


loss of 5 per cent. there would be required at the engine flywheel: 
99.6 hp. X 1.05 = 104.6 h.p. Hence the engine, #, should have a 
rating of at least 104.6 h.p. if the full capacity of the generator is to be 
developed. Normally, combustion engines have little, if any, overload 
capacity. In practice, a 100-h.p. internal-combustion engine would 
probably be used for the application in this discussion. 

Exampue.—lIf the generator shown in Fig. 47 had a normal full-load 
rating of 100 kw. and an efficiency of 90 per cent., there would be 
required to drive it at full-load: 100 kw. + 0.90 = 111 kw. Now, 
the horse-power equivalent of 111 kw. is: 111 kw. + 0.746 = 149 h.p. 
Then, if a belt loss of 3 per cent. be assumed, the engine would have 
to develop,when full-load is on the generator, 149 h.p. + 0.97 = 154 
h.p. That is, an engine rated at about 154 brake horse-power should 
be used to drive this machine. The overload capacity of a steam 
engine, as engines are usually rated, is about equivalent to the overload 
capacity of a normally rated, direct-current generator. 


52. Direct-current Motors are of the same construction 
as direct-current generators having the same types of 
windings. That is, the construction of a shunt-wound motor 


is the same as that of a shunt-wound generator, a compound 
3 
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wound motor the same as a compound-wound generator, 
and so on. In fact, the electrical machinery manufacturers 
frequently use precisely the same direct-current machines for 
generators as for motors, merely changing the nameplates 
on them, as occasion requires, before shipping them. 
Hence, it follows that much of the information relating to 
direct-current generators given in the preceding pages will 
apply directly to direct-current motors. 

53. Performance Data for Direct-current Motors (stand- 
‘ard efficiencies, ratings, speeds and similar information) will be 
found tabulated in the author’s AMERICAN ELECTRICIAN’S 
HANDBOOK. 

54. The Output or Horse-power of a Direct-current 
Motor, or any other motor for that matter, is proportional 
to the product of its torque and its speed. 

55. The Torque of a Direct-current Motor is proportional 
to its effective magnetic field, the number of armature con- 
ductors, and the current or amperes flowing in the armature. © 

56. The Speed of a Direct-current Motor is directly pro- 
portional to the voltage impressed on the motor terminals— 
minus the volts drop due to the resistance of the armature 
circuit—and inversely proportional to the number of armature 
conductors and the effective magnetic field. 

57. Commutation of Direct-current Motors.—Before com- 
mutating-pole motors were manufactured, commutation 
determined the overload capacity of direct-current motors. 
A modern commutating-pole motor will carry 100 to 125 per 
cent. overload, that is, 2 to 2.25 times the normal or full- 
load without sparking. The heating of the machine under 
load is now a more important factor than formerly 

58. Direct-current Motors of the Series, Shunt and Com- 
pound Types Have Different Speed Characteristics.*—That 
is, as the load on an unloaded motor is increased, its speed may 
decrease slowly or rapidly or remain practically constant, de- 
pending on how the motor is wound (series, shunt or com- 
pound) and on its design. Motors of all types should develop 


* See article, “‘ Speed Characteristics of Direct-current Motors,’’ Alan M. Bennett, 
» Powmr, Jan. 26, 1915. 
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their rated speeds at full-load after they have been in opera- 
tion for a sufficient period to attain their maximum full-load 
temperatures, hence the term ‘‘speed of a motor”? means the 
full-load speed under these conditions. | Variations from the 
rated speed may be conveniently considered at two periods 
in the operation of the motor, namely: (1) at the time the 
motor is started cold; and (2) at no-load, but after the motor 
has attained its working temperature. The amount by which 
the speed under the first condition differs from the rated speed 
is known as the speed variation of the motor. It is sometimes 
referred to as the variation from “cold to hot” at full-load. 
The change from rated speed at no-load, but at working tem- 
perature, that is, the difference between full-load speed and 
no-load speed, is known as the speed regulation of the motor. 
Speed regulation is usually 


expressed as a percentage of 900 sEht 
Qs 
the full-load speed. For each 615 
oe g5ol—l0-_20 30 40 50 60 10 80 9% 100 10 
condition the departure from | 
é I-33 
rated speed is expressed aS a gyqy) : | Se 
percentage of the rated speed. 5s A) G0 80 100 170 40 e080 700 770 
As would be inferred, both the ae 
Serko 275 br 
_ speed variation and the regu- : ml Lat 
lation may differ for motors es 
-2 4 6 & 10 12 4 16 18 20 22 
of the same general class and Amperes 
the same rating because these Fia. 49.—Graphs showing speed 


re : characteristics of shunt motors of 
characteristics are determined — gifferent designs. Curve I from a 


ent Motus. Curve UL-aer ae 
chines. See Fig. 49. It can 564, p. four-pole, 230-volt, 575 
be shown that the speed of a ee Pee Pate 
motor varies directly as_ the r.p.m. motor. (Hlectric Journal.) 
impressed voltage minus the I 

x R drop in the armature circuit and inversely as the flux. 
In this expression, J = the armature current, and Rk = the 
resistance of the motor windings and the brush contacts 
which are in series with the armature. It follows that any 
condition affecting the operation of a motor which tends to 
increase either this J X R drop or the flux, will lower the 
speed of the motor. Conversely, a decrease in either flux or 
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I X R drop will raise the speed. How this J x R drop and 
the flux vary in motors with series, shunt and compound wind- 


100 


0 25 50 15 100 1 150 115 200 2% TO 215 
Amperes | : 
Fig. 50.—Graph indicating the torque and speed characteristics of a 


series-wound direct-current motor. (A 37.5 h.p., 4-pole, 230-volt, 540 
r.p.m. machine.) 
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Fig. 51.—Performance curves for a direct-current series-wound motor. 


ings, and thereby affect the speed, and why they vary in ma- 
chines with these different types of windings will be briefly 
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discussed in following articles. Speed variation and control 
of series-, shunt-, and compound-wound motors are further 
treated in Arts. 121, 124, and 125. 

59. The Speed-torque Characteristics of a Series-wound 
Direct-current Motor are shown graphically by the graph of 
Fig. 50. It will be noted that the speed decreases rapidly 
as the load on (amperes 


taken by) the motor in- , 
creases. furthermore, the * 
torque developed by the C] 
motor increases as the cur- 1900-4. 
rent increases. The signifi- 1600 
ce g 
cance of these graphs is 2,4 SI - 
further explained in the ex- + \ ‘5. 
: 21600 = 

ample following Art. 61, 2. 
which discusses the graphs of 3" 
Fig. 51; see also the compar- 3 3 
ative graphs, A, B, C and D, 130 S 
Orebig. 52. e 

Some of the variation in ia 
the speed of a series motor is me a 
due to the J X RF drop in its 0 10 rN) 39 40 
brush tacts, armature and eee 

ge on Be e, : Fria. 52.—Graphs comparing the 
Series winding. However, speed-load characteristics of 10 


: Sis . h.p. shunt, series- and compound-~ 
most of the variation is due wound, direct-current motors. 


to the fact that the flux— 
which is generated by the series-field winding which carries 
line current—increases almost directly with the load. The 
I X R drop increases somewhat because R, the resistance 
of the armature, remains practically constant but J, which 
with a series motor is the line current, increases directly with 
the load. The fact that as the motor is loaded its windings 
become hotter and hence have a higher resistance than at 
no-load, also has the same effect. Hence, this heat effect 
would tend to increase the J x R drop and lower the speed, 
but in practice it is of little consequence. 

Note that with the series motor the increase of temperature 
has an ultimate effect opposite to that which obtains with a 
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shunt motor (Art. 63), for which increased temperature re- 
sults in increased speed. The speed variation in an average 
series motor due to increased temperature is, at full-load, 
approximately 2 percent. This is almost negligible, especially 
as compared with the change in speed of the motor due to 
the change in its series-field current—or load. While the 
change in speed produced by the J X & drop due to a change 
of load is greater with a series than with a shunt motor (be- 
cause as the load increases, the J X R drop in the series-field 
exciting winding is incréased), it is small as compared with 
the change in speed due to flux variation. In fact it can be 
shown that the speed of a series motor, particularly when it 
is operating below the saturation point of the field, will vary 
almost exactly inversely with the change of flux. ‘This proves 
that the J X R drop is of little consequence. Fig. 52 shows 
graphically how much more rapidly the speed of a series motor 
changes with the load than does that of a shunt or lightly 
compounded motor. 

60. Theoretically, a Series Motor Will Run at an Infinite 
Speed when Pulling No-load.—Practically, one of these ma- 
chines if connected across a source of constant e.m.f. and 
operated without a load will “speed up” until it bursts its 
armature band wires and throws the armature winding out 
of the slots by centrifugal force. That is, unloaded series 
motors “run away.” 

61. The Method of Reading Direct-current, Series-wound, 
Motor Performance Graphs* is illustrated by Fig. 51. To 
determine the nominal full-load characteristics of a motor hav- 
ing the curves illustrated, proceed as follows: 


Exampe.—First find the point at which the brake horse-power curve 
intersects the 20-h.p. horizontal line (20 h.p. being the nominal rating 
of the motor). This point is on the 80-amp. vertical line. ‘The char- 
acteristics of the motor at nominal full-load will be those denoted by 
the curves at the points where the 80-amp. vertical line intersects them. 
Thus the motor will take 80 amp.; the torque will be 175 Ib. at 1-ft. 
radius; the speed will be about 600 r.p.m. ; the efficiency 84 per cent.; and 
it will take 35 min. continuous operation for the motor temperature 
to rise to 40 deg. C. 


* WESTINGHOUSE PUBLICATION. 


Sec. 1] GENERATORS AND MOTORS 39 


If the motor is, for example, required to develop 250 Ib. torque, its 
characteristics under this condition are found in a similar manner, the 
proper ampere vertical line being that which intersects the point where 
the 250-lb. torque horizontal line and the torque curve interseet—in 
this case 105 amp. 

An inspection of the curves shows that the torque is maximum at start- 
ing and decreases as the speed increases. The higher the torque, the 
greater the current required and the more rapidly the motor temperature 
willrise. Moreover it is evident that the rating of 20 h.p. for this motor 
is arbitrary only, This rating is based on the power developed with a 
temperature rise of 40 deg. C. in one-half hour’s continuous operation; 
if the motor is operated continuously for periods of one hour, it could 
not be conservatively rated above 15 h.p., while if the periods of opera- 
tion are very short and intervals of rest long, a rating of higher than 20 


_h.p. would be satisfactory. 


62. The Proper Connections for a Shunt Motor are as shown 
in Fig. 53. The field B is connected as shown, so that, when 
the main switch Dis closed, it becomes excited before the arma- 
ture circuit switch at H is closed. Thus, when the motor 


Shunt Field 


Mains 


; Armature’ 
Starting 
Box--y 


Fig. 53.—Control apparatus connections for a shunt motor. 


armature has current admitted to it by the closing of switch 
at E and by the operation of starting rheostat A, the field is 
already on, and the full torque of the motor is thereby ob- 
tained at starting. The torque of a motor is equal to the 
product of flux per pole, the ampere-turns on the armature, 
and the number of poles. Hence, if the full field is not on 
the motor at the instant of starting, full torque will not be 
obtained at that instant. See also Figs. 83, 86, and 104 for 
connections for starting equipment for direct-current shunt 
motors. 

63. The Speed Characteristic for a Shunt Motor is shown 
in Fig. 54. See also Fig. 55. It will be noted that the speed 
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remains almost constant from no-load to full-load and that 
the torque increases almost 

TP directly with the load. With 
a shunt motor on a constant- 
potential circuit, since the 
shunt-field winding, Fig. 9, is 
connected directly across the 
constant-voltage supply 
source, the main flux remains 
almost constant at all loads. 
Be Conte Fup hon rset 5" However, as the motor heats, 
Fira, 54—Typical apeed-torque the resistance of the shunt- 
graph of a shunt-wound motor. field winding will increase, - 

which decreases correspond- 

ingly the shunt-field exciting current and the main flux. But 
this flux is decreased slightly, which tends to make the 
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Fic. 55.—Typical performance graphs for a shunt motor. 


motor ‘‘speed up.”’ Tests show that the speed increase due 
to increase in temperature of the shunt-field winding is, from 
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“cold to hot”’ at full-load, from 4 to 8 per cent. for commercial 
motors. But this tendency toward an increase in speed, due 
to increased resistance of the field winding, has little effect in 
practice because the J x R drop in the motor armature as 


the load comes on the motor more than offsets its temperature 


effect. Obviously, as the load on the motor increases, the 
I X FR drop in the armature circuit increases in proportion and 
it is due to this that the speed of a shunt motor decreases from 
no-load to full-load as shown in Figs. 54 and 52. Tests indi- 
cate that the speed regulation of shunt motors as they are or- 
dinarily manufactured ranges from about 4 to 6 per cent. 

64. By Shifting the Brushes the Tendency of a Shunt Motor 
to Decrease in Speed as its Load Increases can be Partially 
Offset in non-commutating pole motors. The reverse is also 
true. To effect this result, the brushes should be shifted 
“backward.” By this procedure, a portion of the flux due 
to the armature ampere-turns is caused to oppose the main 
flux. This weakens the main flux with the result that the 
speed of the motor is increased. 
However, brush shifting can be 
utilized to increase the speed 
of a motor only within the 
limits wherein sparking at the 
commutator will not be ex- 
cessive. 

65. The Speed Regulation 
of a Commutating-pole Shunt 
Motor is affected by the ac- Amperes | 
tion of the commutating poles. _ Fc. 56.—Speed graphs for a 

! 715-h.p., commutating-pole, ad- 
These commutating poles pro- justable-speed shunt motor. 
duce a weakening effect on the 
main-field flux similar to that produced by the current in the 
armature. The result may be an increase in the speed with 
the load (Fig. 56). This effect is particularly noticeable 
with adjustable-speed motors when they are being operated 
at high speeds—that is, with weak fields. Then, due to the 
action of commutating poles, a motor may rotate at a 
higher speed at full-load than at no-load, as shown at AB, 
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Fig. 56. In commutating-pole motors, brush shifting is not 
feasible, hence, even if it were necessary, this expedient 
could not be utilized to maintain the motor speed constant. 
In the graph of Fig. 56, it will be noted that the motor 
has a normal speed of 400 r.p.m. which can be, by means of 
shunt-field control, increased to 1,200 r.p.m. At the normal 
speed, CD, the regulation is within 114 per cent., the speed 
remaining practically constant. At the higher speed, AB, 
the revolutions per minute actually increase about 2 per cent. 
or 25 r.p.m. from no-load to full-load. 

66. The Speed Characteristics of Shunt Motors of Different 
Designs are shown in Fig. 49, from which it is evident that 
the properties, in so far as speed is concerned, of the shunt 
motor may be subject to considerable variation in machines 
of various designs. 
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Fra. 56a.—Partial sectional elevation of the armature-shifting-design, 
Reliance adjustable-speed motor. 

66a. The Reliance Adjustable-speed Motor employs a 
novel method of varying the field which the armature inductors 
cut whereby the speed of the motor is changed. Typical 
designs for a motor of this type are shown in Figs. 56a and 
566. The motor is, in essence, as shown in Fig. 56a, a shunt- 
wound, direct-current, commutating-pole motor of the usual 
design. However, there are these important differences: (1) 
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The armature, A, together with its shaft, may be shifted 
longitudinally by a handwheel, H, so that the armature may 
be made to lie wholly or only partially, at the will of the 
operator, under the influence of the main-field-pole (P) flux. 
(2) The commutating poles, C (Fig. 56a) are located at the 
commutator ends of the main poles. 

When the handwheel, H, is turned to such a position that the 
armature lies wholly between the main poles then the armature 
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Fie. 56b.—Reliance adjustable-speed motor, type AS armature-shifting 
design. (Reliance Electric & Engineering Co., Cleveland, Ohio.) 


inductors are cutting a maximum of flux and the motor will 
rotate at its slowest speed. But, if the handwheel is turned 
until the armature lies, insofar as it can be made to do so, out- 
side of the influence of the main-field poles, then the armature 
inductors cut a minimum flux and the armature will rotate 
at its greatest speed. Obviously, an infinite number of run- 
ning speeds between the maximum and minimum are obtain- 
able. Speed variations of 10 to 1 are, it is claimed, satis- 
factorily attained in practice. 
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It is apparent that in a motor of this type the main fields 
are always saturated because the effective area or cross section 
of iron which carries flux decreases as the armature is shifted 
laterally. The result is that the field distortion is little greater 
when the armature is rotating at a high speed and carrying 
full-load current than when it is operating under full-load 
at low speed with the armature directly under the main poles, 
where maximum flux cuts its inductors. A variable-speed 
motor of this type has a number of attractive features. Pos- 
sibly the most important is the simplicity of the entire arrange- 
ment and the ease of installation, inasmuch as no speed-ad- 
justing rheostat and the relatively complicated wiring incident 
thereto is necessary. Motors of this type are reversible when 
equipped with reversing type starters. 

The motor exhibits the usual adjustable-speed, shunt- 
motor characteristics. That is, when adjusted for one given 
speed, it will rotate at that constant speed under a variable 
load. The decrease in speed—the motor being adjusted for 
operation at some certain speed—from no-load to full-load 
is said to be very small and to compare favorably with that 
of the best constant-speed-motor practice. The United 
States Government, American Steel & Wire Co., Illinois Steel 
Co., Pennsylvania Railroad and large users have purchased 
motors of this type. Itis apparent that they are well adapted 
for individual drive for machine tools where an adjustable- 
speed motor is necessary and it is in this service that they 
have found their widest application. 

67. The Speed Characteristics of a Compound-wound, 
Direct-current Motor (since a motor of this type has both 
shunt- and series-field windings) partake of the character- 
istics of both shunt and series motors. Fig. 57 shows 
typical performance graphs of one of these machines. As 
is evident from the graphs B and C of Fig. 52, a compound- 
wound motor may, in so far as the speed characteristics 
are concerned, be made to resemble a series or shunt motor, 
depending upon the percentage of the field flux due to the 
series and the shunt windings, respectively. The motor 
of graph B (Fig. 52) has a very poor speed regulation, 
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while that of graph C has a fairly good regulation—about 
12 per cent. 

68. Compound-wound Motors may be Either Differential 
or Cumulative (Fig. 21)asmay compound-wound generators. 
The cumulative compound-wound motor has its series field 
so connected that it “assists” the shunt winding. Thus, the 
main field of a motor of this type is strengthened as the 
load increases. The result is that some of the properties of a 
series motor—namely, powerful starting torque and rapid 
acceleration—are obtained. But when the series winding is 
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Fig. 57.—Typical performance graphs for a compound-wound motor. 


differentially connected (Fig. 21, II), it “opposes”’ the 
shunt-field winding. Such an arrangement would tend to 
compensate for the J X R drop from no-load to full-load and 
render the motor a constant-speed machine. That is, as 
the load increases, the effect of the flux of the shunt field is 
decreased by the action of the series field. The tendency 
is then for the speed, instead of decreasing due to the l X R 
drop, to remain constant. Differentially wound motors are 
seldom applied because of operating disadvantages, chief 
among which are low starting torque and inability to success- 
fully handle overloads. 
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69. A Comparison of the Speed Characteristics of Shunt, 
Series- and Compound-wound Motors is given graphically 
in Fig. 52. This comparison is on the basis of motors of 
the same general construction and design but having wind- 
ings of the different types. 

70. The Effect of Commutating Poles on the Speed Regula- 
tion of Motors.*—At overloads the effect on non-com- 
mutating pole motors is a decrease in speed proportional to 
the load; but on commutating-pole motors the speed in 
many cases tends to increase between full-load and 100 per 
cent. overload. Commutating-pole motors will, therefore, 
have approximately the same speed at twice full-load as at 
full-load. If the effect of the commutating poles is too 
strong, the tendency is to make a commutating-pole motor 
oscillate in speed. This speed oscillation will cause a similar 
variation of armature current of gradually increasing in- 
tensity, until something gives way; a fuse will blow, a cir- 
cuit-breaker open or the motor will be injured by “bucking 
over,” that is, flashing across brushes, or burning out the 
armature. 

There is a relation between speed regulation and stability. 
- A commutating-pole motor can be designed to be stable at 
over-loads. This will increase the drop in speed. Better 
speed regulation makes stability less certain. Reliable de- 
signers of this type of motor strike a happy medium be- 
tween these two factors and the commercial result is that 
in most cases these motors can be safely operated on in- 
termittent loads where the maximum load is twice the 
rated load. 

A large reduction in speed, insuring a stable motor, is an 
advantage in machine-tool applications. It often occurs when 
long, continuous cuts are taken, that on one part of a casting 
the depth of cut is greater than on another, due to irregu- 
larities in casting. When cutting through the heavy part 
the speed should be reduced, thus protecting the cutting tools 
and machine tool as well as the work. For this reason ad- 


* AMERICAN Macuinist, Sept. 26, 1912. 
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justable-speed motors, with a speed reduction as high as 
25 per cent., can be used to advantage. : 

’ 72. To Compute Either the Kilowatt Input, Horse-power 
Output, Efficiency, Impressed Voltage or Current of any Di- 
rect-current Motor, the other quantities being known, one of 
the following formulas may be used: 


Ku,xE EXIXE 


(12) RzP 0 a nr Ae = TS TL-A0O RE (horse-power) 
h.p.o X 74.6 _ 
(13) E= cen = 
h.p.o X 74,600 : 
P a 7 (efficiency per cent.) 


“~~-Direct- Current 
Motor. 
(Efficiency /s 86%) 


--Voltmeter 
Reads 220 Volts 


s. Ammeter 
~-Readls 80 Amp. 


Fig. 58.—Example in computing the horse-power output of a direct- 
current motor. 


fe h.p.o X 74.6 


(14) . Kw; E (kilowatts) 
Teipwa x 74,600 | 

(15) E= EXI (volts) 
h.p.o X 74,600 

(16) lees EXE (amperes) 


Wherein, h.p.. = power output of the motor, in horse-power. 
Kw; = power input to the motor, in kilowatts. E = efficiency 
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of the motor, in per cent., at the output h.p.,.. E = the em. 
impressed on the motor, in volts. J = the current taken by 


_ the motor, in amperes, for the output h.p... 


ExampLr.—What horse-power will the direct current-motor, M, of 
Fig. 58—which has, under the conditions of this example, an efficiency 


| of 86 per cent.—deliver to the line shaft, L, if the e.m.f. impressed 


across its terminals is 220 volts, and it is taking 80 amp.? Assume 
that the loss in the belt drive, B, is 3 per cent. Sonution.—To ascer- 
tain the horse-power delivered by the motor at its pulley, P, substitute 
in equation (12):h.p.. = (EZ X I X E) + 74,600 = (220 * 80 X 86) + 
4,600 = 1,513,600 + 74,600 = 20.3 h.p., which is the power delivered 
at P. Because of the belt loss, the 
power delivered to the line shaft L, 
would be 3 per cent. less than this, 
or, 0.97 X 20.3 = 19.7 h.p. 
Exampie.—What is the efficiency — putey Driving Load-/_- 
of the direct-current motor of Fig. 
59, under the test conditions there  ,,,,. ,, y) 
Sehr ¢ 


ulley, 


Noltmeter 2 Di oe 
‘Reads 220V, Ss So ates 


Volt meter-> 
Read's 220 
Yolts 


Fra. 59. Fria. 60. 


Fic. 59.—Example in computing the efficiency of a direct-current 
motcr when its horse-power output, its current Input and its voltage 


are known. ‘ 
Fic. 60.—Example in finding current taken by a motor, its horse-power 
output, voltage and efficiency being known. 


specified? The power output as measured by the Prony brake is 16.2 
h.p. The impressed e.m-f. is 220 volts and the current taken by the 
motor is 64 amp. So.ution.—Substitute in equation (13): E = (h.p.o 
X 74,600) + (FH X I) = (16.2 X 74,600) + (220 x 64) = 1,208,520 
+ 14,080 = 85.8. Hence, the efficiency of this motor under the con- 
ditions illustrated is 85.8 per cent. 

Exampiy.—What current will be taken by the motor of Fig. 60, it 
being known that it is delivering 32 h.p. at its pulley, P, that its efficiency 
at this load is 88 per cent., and that the e.m.f. impressed across its ter- 
minals as read by the voltmeter is 220 volts. Soiurion.—Substitute 
in equation (16): J = (A.p.o X 74,600) + (E X FE) = (32 X 74,600) + 
(88 X 220) = 2,387,200 + 19,360 = 123.3 amp. That is, an ammeter, 
if inserted at J, would read 123,3 amp. 
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SECTION 2 
MANAGEMENT OF DIRECT-CURRENT GENERATORS 


73. To Start a Shunt-wound Generator.*—Note the di- 
rections in 76 concerning the oiling arrangements and bringing 
the machine up to speed. (1) See that the machine is entirely 
disconnected from the external circuit. This is not always 
necessary, but is safest. See that the field resistance is all in 
circuit. (2) Start the armature turning. (3) When the arma- 
ture has attained speed, cut out field resistance until the vol- 
tage of the machine is normal or equal to that on the bus-bars. 
(4) Close the line switch, watching the ammeter and volt- 
meter and make further adjustment with the field rheostat if 
necessary. 

74. To Shut Down a Shunt-wound Generator.—(1) Reduce 
the load insofar as possible by inserting resistance in the shunt- 
field circuit with the field rheostat. (2) Throw off the load 
by opening the circuit-breaker, if one is used, otherwise open 
the feeder switches and finally the main generator switches. 
(3) Shut down the driving machine. (4) Wipe off all oil and 
dirt, clean the machine and put it in good order for. the next 
run. 

75. Parallel Operation of Shunt Generators.—As suggested 
in Art. 14 shunt-wound generators do not operate successfully 
in parallel because they do not divide the load well and the volt- 
age of one is liable to rise above that of another and drive itasa 
motor. When it is running as a motor its direction of rotation 
will be the same as when it was generating, hence, the oper- 
ator must watch the ammeters closely for an indication of 
this trouble. Shunt generators are now seldom installed and 
are seldom operated in parallel, although they can sometimes 

* Westinghouse Elec. & Manfg. Co. 
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be made to work that way.’ Where there are several in a 
plant the best arrangement is to divide the total load between 
them, giving each its own distinct circuit. Fig. 62 shows the 
connections for shunt generators that are to be operated in 
parallel. ae 

76. To Start a Compound- eee 

torfanels ++ 9% 
wound Generator.—(1) See 
that there is enough oil in the 3% 
bearings, that the oil rings are SWourd.|\< 
working, and that all field re- S tors. @ 
sistance is cut in. (2) Start & 
the prime mover slowly and | 
permit it to attain normal aceite deceit ernest eee 
speed. See that the oil rings 
are working. (3) When ma- 
chine is rotating at normal Fic. 61.—Equalizer carried di- 
: rectly between machines. 

speed, cut out field resistance 
until voltage of the machine is normal, that is, equal to or a 
trifle above that on the bus-bars. (4) Throw on the load. 
If three separate switches are used, as in Figs. 13 and 61, 
close the equalizer switch first, the series-coil line switch 


+Bus Connection 
toSwitchboard 


Equalizer “Positive (+) Bus-Bar. 
: Bus 


Line Switch Line Switch 


- Bus -Bar 
2 Bus-Bar 


P 
Fig. 62.—Connections for shunt generators for parallel operation. 


second, and the other line switch third. If a three-pole switch 
is used, as in Figs. 22, 63, 64, and 65, all three poles must of 
course, be closed at the same time. (5) Watch the voltmeter 
and ammeter and adjust the field rheostat until the machine 
takes its share of the load. A machine generating the higher 
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[Arr. 77 


voltage will take more than its share of the load and if its 


Shunt 
ee Fi --Flelds ---|-- rags 


Armarures -\>F BF E 


| Series 
ae <---F [elds --_.-3 
Fic. 63.—Connections for one 
unit of two-generators In series sery- 
ing a three-wiresystem. (This out- 
fit is not arranged for parallel opera- 
tion.) 


voltage is too high it will run 
the other as a motor. 

77. To Shut Down a Com- 
pound-wound Generator 
Operating in Parallel with 
Others.—(1) Reduce the load 
as much as possible by throw- 
ing in resistance with the field 
rheostat. (2) Throw off the 
load by opening the circuit- 
breaker, if one is used, other- 
wise open the main generator 
switches. (3) Shut down the 
driving machine. (4) Wipe 
off all oil and dirt, clean the 
machine and put it in good 
order for the next run. If 
the machine is operating in- 
dependently and no motors 


are connected to the circuit, close the engine throttle valve 


and permit the engine . 
and generator to come to 
rest. Turn all resistance 
in the field rheostat. 


Note: 


Open the main switch. 


Where motors are served 
they must be disconnect- 


4 |-Voltmerter, |e 
° Freceptacle--&| » 


»L bVo/tmerter 
| Feceptacle 


9-250V. 


ed first. If they are not, 
‘a loaded motor may stop 
when the impressed volt- 
age decreases somewhat 
below normal. Then, 
since its armature is not 
turning, it is in effect a 
short-circuit and may 
blow fuses or make other 
trouble, 


“. Shunt field -" 


/Amp.Fuss 


d er 


‘Shunt Field 


Fic. 64.—Diagram of connections of 
two direct-current commutating-pole 
generators in parallel with one generator 
without commutating poles, 
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78. In Starting and Shutting Down Three-wire Generators, 
and two-wire machines serving a three-wire system (diagrams 
for the parallel operation of which are shown in Figs. 66, 63, 


Positive Bus --, Neutral Bus --, Negative Bus-. 
- _ + 
= 
E+ 
-Positive “---Negative o 
——_ oe 3 Equalizer Equalizer : ee 
~Switth.-7 Bus Bus Switch-- 
zB 3 
© 2 
ATs Hi 2 = 
~ 
45; S 8 , € § . 
& 3 3 5 
ed Bs 8 N Se [ae 
x SSsEes! 
x {Aber x 
aes ene bs 
{ a S| HE 
Sseas HAE iesese 
Series Field Series Field 


Fic. 65.—Arrangement of two groups of two-wire generators operating 
in parallel feeding a three-wire system. 


ween tole _.-- Double-Pole Single- 


as Eom Throw Switches--------* , 


‘I- Two, Two-Wire Generators Connected to Bus Bars 


I- Two-Wire Generator : 
For Independent Operation ona Three-Wire System 


Connected to Bus Bars 
Fria. 66.—Connections for two-wire generators. 


44 and 67) the same general procedure is followed as with 


ordinary two-wire units as above described. 
79. Parallel Operation of Compound-wound Generators* is 
readily effected if the machines are of the same make and 


* Westinghouse Elec. & Manfg. Co, 
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voltage or are designed with similar electrical characteristics. 
The only change usually required is the addition of an equalizer 
connection between machines. If the generators have different 


TO ++ 


Vv 


Five - Pole 
Single - Throw 
Switch - rs 


Circuit fh. 
Breaker 


Circuit Breakers 


Triple- Pole Single-! 
Throw Switches 


ie 5 -Crcut 
“ Shunt ‘ Breaker 

-Fields.. 
TONS |’ s 


Armatures\ yeh 


Series Field 


a: Shunt Field 


s an 
‘~ Series Fields-* Sonate 


Fia. 67.—Arrangement of connections for the parallel operation on a 
three-wire system of a three-wire generator and two, two-wire generators 
in series. - 


compounding ratios it may be necessary to readjust the series- 
field shunts to obtain uniform conditions. 

80. Testing for Polarity—-When a machine that is to 
operate in parallel with others is connected to the bus-bars 


-Bus +Bus 
SS SE | 


10 Volt 


§ 4 2 ae t ; : 
: MainSnitch moist ee lees C Main Switch ><] 
Temporary at 
< Series Connection? Voltmeter. 3 
Field 1 I 
--Armature Test with Lamps. Test with Voltmeter. 


WwW Shunt Field 
I Correct Polarities. 


Fic. 68.—Tests for polarity. 


for the first time it should be tested for polarity. The 
+ lead of the machine should connect to the + bus-bar 


Src. 2] DIRECT-CURRENT GENERATORS _ : 55 


and the — lead to the — bus-bar (Fig. 68, J). The machine 
to be tested should be brought up to normal voltage, but 
not connected to the bars. The test can be made with two 
lamps (lig. 68, IZ), each lamp of the voltage of the circuit. 
_ Thus, each is temporarily connected between a machine 

terminal and bus terminal of the main switch. If the lamps 
do not burn, the polarity of the new machine is correct, 
but if they burn brightly its polarity is incorrect and should 
be reversed. A voltmeter can be used (Fig. 68, III). <A 
temporary connection is made across one pair of outside termi- 
nals and the voltmeter is connected across the other pair. 
No deflection or a small deflection indicates correct polarity. 
(Test with voltmeter leads one way and then reverse them, as 
‘indicated by the dotted lines.) A full-scale deflection indi- 
cates incorrect polarity. Use a volt-meter having a voltage 
range equal to twice the voltage on the bus-bars. 

81. An Equalizer, or Equalizer Connection, connects two 
or more generators operating in parallel at a point where the 
armature and series-field leads join (see Fig. 13), thus con- 
necting the armatures in multiple and the series coils in mul- 
tiple, in order that the load will divide between the genera- 
tors in proportion to their capacities. The arrangement of 
connections to a switchboard* is shown in Fig. 22. Con- 
sider, for example, two compound-wound machines operating 
in parallel without an equalizer. If, for some reason, there 
is a slight increase in the speed of one machine, it would 
take more than its share of load. The increased current 
flowing through its series field would strengthen the magnet- 
ism, raise the voltage, and cause the machine to carry a 
still greater amount until it carried the entire load. Where 
equalizers are used, the current flowing through each series coil 
is proportional to the resistance of the series-coil circuit and is 
independent of the load on any machine; consequently an 
increase of voltage on one machine builds up the voltage of 
the others at the same time, so that the first machine cannot 
take all the load but will continue. to share it im proper 
proportion with the other generators. 


* Westinghouse lec. & Manfg. Co. 
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82. Connecting Leads for Compound Generators.—Be cer- 
tain that all the cables which connect from. the various ma- 
chines to the bus-bars are of equal resistance. This means 
that if the machines are at different distances from the 
switchboard, different sizes of wire should be used, or resist- 
ance inserted in the low-resistance leads; see Art. 84. With 
generators of small capacity the equalizer is usually carried 
to the switchboard, as suggested in Fig. 64, but with larger 
ones it is carried under the floor directly between the 
machines (Fig. 61). In some installations the positive and 
the equalizer switch of each machine are mounted side by side 
on a pedestal near the generator (Fig. 61). The difference in 
potential between the two switches is only that due to the 
small drop in the series coil. The positive bus-bar is carried 
under the floor near the machines. This permits of leads 
of minimum length. Leads of equal lengths should be used 
for generators of equal capacities. If the capacities are un- 
equal (see Art. 84) it may be necessary to loop the leads. 
See Fig. 61. 

83. Ammeters for Compound Generators should, as in 
Tig. 22, always be inserted in the lead not containing the 
compound winding. If cut in the compound-winding lead, 
the current indications will be inaccurate because current 
from this side of the machine can flow either through the 
equalizer or the compound-winding lead. 

84. To Adjust the Division of Load Between Two Com- 
pound-wound Generators.—First adjust the series shunts of 
both machines so that, as nearly as possible, the voltages of 
both will be the same at 14, %, 34, and full-load. Then 
connect the machines in parallel, as suggested in Fig. 13, for 
trial. If upon loading, one machine takes more than its 
share of the load (amperes), increase the resistance of the 
circuit through its series-field-coil path until the load divides 
between the machines in proportion to their capacities.. Only 
a small increase in resistance is usually necessary. The 
increase may be provided by inserting a longer conductor 
between the generator and the bus-bar, or iron or German- 
silver washers can be inserted under a connection lug. In- 
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asmuch as (when machines are connected in parallel) ad- 
justment of the series-coil shunt affects both machines 
similarly, the division of load between the two machines 
cannot be altered by making such adjustment. 

85. Operation of a Shunt and a Compound Dynamo in 
Parallel is not successful because the compound machine 
will take more than its share of the load unless the shunt 
machine field rheostat is adjusted at each change in load. 

86. Three-wire Direct-current Generators Can be Op- 
erated in Multiple* with each other and in multiple with other 
machines on the three-wire system. See Figs. 40, 41, 42, 
43, 44, 45 and 67. When operating a three-wire, 250-volt 


Ee BL Sin4 
--Series Field 


—Equalizer-. 


~.Three-Wire 
Generator 


,2-Wire Generators. 


+ Equalizer-- 
Series Field 


Fra. 69.—Two 125-volt, two-wire generators and one 250-volt three- 
wire generator connected for parallel operation. 


generator in multiple with two two-wire, 125-volt generators 
(Figs. 40, 67 and 69) the series field of the two two-wire 
generators must be connected, one in the positive side and 
one in the negative side of the system, and an equalizer must 
be run to each machine. Similarly, when operating a three- 
wire, 250-volt generator in multiple with a 250-volt, two- 
wire generator (Figs. 41 and 42) the series field of the 250- 
volt, two-wire generator must be divided and one-half 
connected to each outside wire. The method of doing this 
is to disconnect the connectors between the series-field coils 
and reconnect these coils so that all the north-pole fields 
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will be in series on one side of the three-wire system and all 
the south-pole fields in series on the other side of the system. 

87. The Connections Where Two-wire Generators are 
Operated to Feed a Three-wire System are, where the units 
are operated in parallel, shown diagrammatically in Fig. 65. 
It will be noted that both a positive and a negative equalizer 
bus are required. Fig. 63 illustrates the connections where 
only one pair of two-wire generators is utilized to serve a 
three-wire system and a similar arrangement is shown in 
Big 66). 

88. As There are Two Series Fields, Two Equalizer 
Buses are Required When Several Three-wire Machines 
are Installed (see Figs. 40 and 41) and are to be operated in 
multiple. The two equalizers serve to distribute the load 
equally between the machines and to prevent cross-current 
due to differences in voltage on the different generators. 

89. An Ammeter Shunt (8; and S:, Fig. 33) is mounted 
directly on each of the terminal boards of the three-wire 
machines. The total current output of the machine can 
thereby be read at the switchboard. As the shunts are at the 
machine, there is no possibility for current to leak between 
generator switchboard leads without indicating a reading 
on the ammeters. Two ammeters must be provided for 
reading the current in the outside wires. It is important 
that the current be measured on both sides of the system, 
for with an ammeter in one side of the system only, it is 
possible for a large unmeasured current to flow in the other 
side with disastrous results. 

90. Switchboard Connections for Three-wire Generators 
are shown in principle in preceding illustrations. Fig. 43 is 
a diagrammatic representation of the switchboard connec- 
tions for two three-wire generators operated in multiple.* 
Two ammeters indicate the unbalanced load. The positive 
lead and equalizer are controlled by a double-pole cireuit- 
breaker; the negative lead and equalizer likewise. Note 
that both the positive and negative equalizer connections 
as well as both the positive and negative leads are run to the 
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circuit-breakers in addition to the main switches on the 
switchboard. It is necessary that this be done in all cases. 
Otherwise, when two or more machines are running in mul- 
tiple and the breaker comes out, opening the main circuit 
to one of them but not breaking its equalizer leads, its am- 
meter is left connected to the equalizer bus-bars and current 
is fed into it from the other machines through the equalizer 
leads, either driving it as a motor or destroying the arma- 
ture winding. See also Figs. 40 and 42. 

91. Commutating-pole Machines Will Run in Multiple 
with each other and with non-commutating pole machines 
provided correct connections are made. See illustrations. 

The series-field windings on commutating-pole machines 
are usually less powerful than on non-commutating-pole; and 
particular attention should, therefore, be paid to insuring 
the proper drop in accordance with instructions of Art. 84. A 
connection diagram is shown in Fig. 64. 

92. How to Reverse the Direction of Rotation of Direct- 
current Generators and Motors for a shunt-wound machine 
is indicated in Fig. 70. Rotation is clockwise when, facing the 
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Fia. 70.—Changing rotation direction of shunt machine. 


commutator end of a machine, the rotation is in the direction 
of the hands of a clock. Counter-clockwise rotation is the 
reverse. It is desirable, when changing the direction of rota- 
tion, not to reverse the direction of current through the field 
windings. If it is reversed the magnetism developed by the 
windings on starting will oppose the residual magnetism and 
the machine may not ‘‘build-up.”’ Connections for reversing 
compound machines are shown in Fig. 71. A multipolar ma- 
chine can be reversed as shown by reversing the brushes on 
the studs and then relocating them on the neutral points. 
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93. To Reverse the Direction of Rotation of a Commutating- 
pole Generator (Fig. 25) reverse the shunt and, if there are 
such, the series fields, as in an ordinary generator. See Figs. 
70 and 71. 

94, When Starting Up, a Generator May Fail to Excite It- 
self.*—This may occur even when the generator operated per- 
fectly during the preceding run. Usually this trouble is caused 
by a loose connection or break in the field circuit, by poor 
contact at the brushes due to a dirty commutator or perhaps 
to a fault in the starting box or rheostat, or incorrect position 
of brushes. Examine all connections; try a temporarily in- 
creased pressure on the brushes: look for a broken or burnt- 
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Fic. 71.—Changing rotation of compound machine. 


out resistance coil in the rheostat. An open circuit in the 
field winding may sometimes be traced with the aid of a 
magneto bell; but this is not an infallible test as some mag- 
netos will not ring through a circuit of such high resistance 
and reactance even though it be intact. If no open circuit is 
found in the starting box or in the field winding, the trouble 
is probably in the armature. But if it be found that nothing 
is wrong with the connections or the winding it may be 
necessary to excite the field from another generator or some 
other outside source as described below. 

94a. To Excite a Field from an Outside Source.—Calling 
the generator it is desired to excite No. 1, and the other ma- 
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chine from which current is to be taken No. 2, the follow- 
ing procedure should be followed. Open all switches and 
remove all brushes from generator No. 1; connect the positive 
brush holder of generator No. 1 with the positive brush holder 
of generator No. 2; also connect the negative holders of the 
machines together (it is desirable to complete the circuit 
through a switch having a fuse ps 


of about 5 amp. capacity in ; 
series). Close the switch. at] 5 


Where the generator in trouble ROE, 
is connected to bus-bars fed by mal Bb en 
other generators, the same re- te 
sult can be effected by insulat- 
ing the brushes of the machine Shun hed 
in trouble from their commu- ‘Armature 
tator and closing the main Fic. 72.—Exciting a generator 
switch. See Fig. 72. If the with an external source of e.m.f. 
shunt winding of generator No. 1 is intact its field will show 
considerable magnetism. If possible, reduce the voltage of 
generator No. 2 before opening the exciting circuit; then 
break the connections. If this cannot be done, throw in all 
the rheostat resistance of generator No. 1; then open the 
switch very slowly, lengthening out the 
aire Fiala are which will be formed until it breaks. 
Series Field’ 95. A Simple Means for Getting a 
Compound-wound Machine to Pick Up 
is to short-circuit it through a fuse 
Pye having approximately the current capa- 
Fie. 73.—One method city of the generator. See Fig. 73. 
of making a compound- Tf sufficient current to melt this fuse 
wound generator build , pee : 
up. is not generated, it is evident that there 
is something wrong with the armature, 
either a short-circuit or an open circuit. If, however, the fuse 
has blown, make one more attempt to get the machine to 
excite itself. If it does not pick up, it is evident that some- 
thing is wrong with the shunt winding or connections. 
96. If a New Machine Refuses to Excite and the connections 
seem to be all right, reverse the connections, 7.e., connect the 
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wire which normally leads from the positive brush, to the nega- 
tive brush and the wire which normally leads from the 
negative brush, to the positive brush. If this change of con- 
nections does not correct the difficulty, change the connections 

back as they were and locate 


Frame-- “nn Copper the fault as previously sug- 
INN pa NOP gested. 

Ni — * 97. Sometimes When a 

\ iy.’ Generator Fails to Excite, 

2 tapping the iron of the field 

N Yj ? NAS] fi, structure with a hammer will 
XA Ye SV : = “ 

GIN Ke = correct the difficulty. 

Al \ WG SZ, £ Another method that is often 

See “-<4S successful is shown in Fig. 74; 


ao, eee flat copper strips about 14 in. 
Fie. 74.—Showing how metal wide yes held im positions ay 
strips may be used for brushes in an assistant across the brush- 
starting a machine which will not holder studs so that the ends 
excite itself. H : : 
of the strips will contact with 
the commutator on the line AiA2. These strips form a path 
to the armature which is of much lower resistance than the 
path through the brushes. Therefore, when high brush-con- 
tact resistance is the difficulty, this expedient is very effective. 
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Fia. 75.—Proper_ polarity sequence for the poles of a direct-current 
machine and one method of testing for polarity. 


98. Testing Polarity of Field.*—This can be done in two 
ways: First, by using a compass, bringing it near the various 
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poles and noting the direction of the deflection of the needle. 
Since in all direct-current generators and motors the poles 
should alternate in magnetic polarity, Figs. 75 and 76, I (in 
one pole the magnetism ‘‘coming out” and the next “going 
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lia. 76.—Showing correct and incorrect polarities of field coils. 


in”’) it follows that a certain end of a compass needle will 
point toward one pole and away from the next when con- 
ditions are normal. If, however, two adjacent poles show 
similar magnetism, the trouble is located, and the offending 
spool should be reversed. ‘This 
should be done “end for end,” p,,, 
not by turning on the axis. e 
The latter operation does not 
change the direction of magne- 
tism, while the former does. Oe poe 

99. Direction of Magnetism = fy¢. 77.—Directions of current 
is Determined by the Follow- around and corresponding mag- 
A A netization of a generator or motor 
ing Rule.—‘‘Looking at the pole. 
face of an electromagnet (such 
as the field spool of a motor), a pole will be north if the 
current is flowing around it in a direction opposite to the 
motion of the hands of .a watch,” Fig. 77, and south if in 
the same direction as the motion of the hands of a watch. 


Direction 
of Current 
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100. Another Method of Determining Whether the Direc- 
tion of Magnetism of the Poles is Correct is to use two or- 
dinary nails, their lengths depending upon the distance be- 
tween pole-tips. Instead of using two nails, a piece of iron 
rod long enough to reach from one pole to another—A or 
B, Fig. 75, II—may be employed. The point of one nail 
should touch one pole-tip, the point of the other nail the 
other pole-tip, and the heads of the nails should touch each 
other. When the current flows around the field spools, 
the polarity between any two poles is properly related if 
the nails placed as suggested stick together by the magnet- 
ism or if the iron bar is held strongly between the poles. If 
there is little or no tendency for the nails or the bar to be 
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Fic. 78.—A polarity-testing coil used by the British Westinghouse 
Company. 
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held to the poles the polarity of the two adjacent poles is the 
same and therefore wrong. 

101. An Inductive Polarity Tester* is shown in Fig. 78. 
In use the leads A and B of the coil are connected to a direct- 
current millivoltmeter. Then, if the coil is moved toward 
an excited field magnet, the millivoltmeter needle will indicate 
a momentary deflection in one direction. This direction 
will change with the polarity of the field coil under test. 
Usually a greater deflection will be obtained if the testing coil 
is moved slowly toward the excited field and then quickly 
withdrawn. If it is withdrawn from a south pole it will 
move, say to the right. Then if it is withdrawn from a north 
pole it will move toward the left. Thus, by testing the poles 

* ELEcTRICAL WoRLD, Jan. 9, 1915, p. 102, 
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around a direct-current machine in rotation it is possible to 


- ascertain whether the connections have been made correctly 


or incorrectly. By exercising caution this device can be used 
with machines which are in operation. Where a milli- 


‘voltmeter is not available a moving-coil ammeter, which has 


had its shunt disconnected, may be utilized. Low-reading volt- 


_ meters (1 or 3 volts) can be employed provided the test- 
ing coil is wound with many turns of small-diameter wire. 


102. In Placing the Field Coils on a Direct-current Genera- 
tor or Motor they should be tested, prior to mounting on the 
machine, to insure that their polarities will alternate as shown 
in Fig. 76, J, around the frame. Hence, before installation, 
the coils should be arranged on the floor and connected in series 


~ across a source of voltage equal to that which will be im- 
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Tia. 79.—Determination of polarities of field coils with a magnetized 
nail. 


pressed on the group of field coils when they are in operation 
on the machine. Then, the normal exciting current should 
be permitted to flow through the coils, and a compass (Fig. 
76, I) should be held in the core space of each of the coils 
in succession. If the coils are correctly arranged, the needle 
will point alternately north and south in adjacent coils as 
shown. But, if the coils are not properly connected the com- 
pass needle will point in the same direction in adjacent coils, as 
shown at A and B in JI. Where a coil indicates incorrect 
polarity it should be turned end for end. That is, in Fig. 76, 
II, coil B should be turned end forend. If no compass needle 
is available, a nail, or preferably a short piece of hard-steel 
wire, may be magnetized and used for a polarity indicator 


as illustrated in Fig. 79. Such a piece of metal can be made 
5 
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into a permanent magnet by holding it in the core space of 
one of the coils. When the coils are properly arranged, the 
nail or piece of steel wire can be moved from one coil to the. 
other along the curves such as those indicated by the dotted 
lines in the illustration. In making this test with a nail it is 
necessary to exercise precaution to insure that the polarity of 
the nail or wire does not become reversed while the test is 
being conducted. 

103. In Determining the Polarities of Commutating-pole 
Windings.*—If the armature of a six-pole generator is rotating 
in a clockwise direction, then the commutating pole which 
stands in the position corresponding to the 11 o’clock mark 
of the clock should have the same polarity as the main pole 
corresponding to the 12 o’clock mark and so on all the way 
round. On the other hand, each commutating pole of a motor 
should have the same polarity as the main pole preceding it 
in the direction of rotation. With a six-pole motor running in 
a clockwise direction, the commutating pole in the 11 o’clock 
position should have the same pokirity as the main pole in 
the 10 o’clock position. 

103a. Sometimes the Commutating Poles of a Machine 
Show Correct Polarity When There is a Good Load on the 
Machine but Behave Irregularly on Light Loads.—This may 
be due to slight irregularities in the mechanical construction of 
the machines. If a commutating pole is not in the center 
of its neighboring poles, but is nearer, say, to the main north 
pole than to the main south pole, then the commutating-pole 
tip will show south polarity even if there is no current flowing 
in its windings. Therefore, with a very light load, the current 
in a commutating-pole winding, and tending to make the pole, 
say, a north pole may not be strong enough to overcome the 
polarity caused by the unequal setting. The same condition 
will occur if the air gap between the armature and north pole 
is smaller than that between the armature and south pole. 

104. The Management of Brushes on Direct-current Gen- 
erators is treated under the general heading of brush troubles 
in Art. 190 and succeeding articles. | 

* BLECTRICAL Wor p, Jan. 9, 1915, p. 102. 
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105. In Caring for Commutators they should be kept smooth 
by the occasional use of No.00 sandpaper. Asmall quantity of 
high-grade, light-body oil may be used as a lubricant. The 
lubricant should be applied to high-voltage generators on a 
piece of cloth attached to the end of a dry stick. If the com- 
mutator becomes ‘‘out of true” it should be turned down. 
By using a special slide rest and tool this can be done while 
running the engine at a reduced speed without removing the 
rotating part from the bearings. Inspect the commutator 
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Fic. 80.—The second position in Fic. 81.—Showing the applica- 
removing an armature. tion of a spreader to prevent ab- 
rasion of the armature windings. 
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surface carefully to see that the copper has not been turned 
over from segment to segment in the mica and remove by a 
scraper any particles of copper which may be found embedded 
in the mica. Keep oil away from the mica end-rings of the 
commutator as oily mica will soon burn out and ground the 


machine. See Sec. 3 for information relating to commutator 


troubles and their correction. 

106. In Handling an Armature care must be exercised to 
prevent injury to its windings. The armature may be re- 
moved from a machine with a rope sling, as shown in Fig. 80. 


68 ELECTRICAL MACHINERY [Art. 107 


After it has been taken out of the frame, a wooden spreader 
should be arranged in the sling as shown in Fig. 81 to pre- 
vent the rope from abrading the winding of the commutator. 
An armature can be replaced as shown in Fig. 82. Pieces 
of stiff sheet-fiber should be utilized, as shown in the 
illustrations, to prevent portions of the frame of the ma- 
chine from damaging the commutator or winding insulation. 
107. Drying Out a Generator or Motor.*—If a generator 
has been exposed to dampness, before being started in regular 
service it should be operated with 

A its armature short-circuited be- 

yond the ammeters and with the 
field current adjusted so as to 
raise temperature to about 70 
deg. C. (See Art. 247 for descrip- 
‘ tion of method of measuring the 
Commutator, _ pda. \ insulation resistance of a machine; 
5 =-— the low insulation resistance may 

= indicate moisture and vice versa.) 
M The current should. then be per- 


Crane Hook 


Be = = mitted to flow until the coils be- 
af : \ \ 7 come thoroughly dry. The tem- 
f, Si << “’ perature should not be allowed 
a i Li aml to drop to that of the surrounding 


Fic. 82.—The first position atmosphere, as the moisture 
in removing or the last position would then again be condensed 
ingeplacing an anmnatnre. on the coils, and the machine 
brought to the same condition as at the start. 

108. There is Always Danger of Overheating the Wind- 
ings of a Machine When Drying Them with current, as 
the inner parts, which cannot quickly dissipate the heat’ 
generated in them and which cannot be examined, may 
get. dangerously hot, while the more-exposed and more-easily- 
cooled portions are still at a comparatively low temperature. 
The temperature of the hottest part accessible should always 
be observed while the machine is being dried out in this way, 
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and it should not be allowed to exceed the boiling point of 
water. It may require several hours or even days to 
thoroughly dry out a machine, especially if it is of large 
capacity. Large field coils dry very slowly. Insulation is 
_ more easily injured by overheating when damp than when dry.. 


SECTION 3 


MANAGEMENT OF AND STARTING AND CONTROLL- 
ING DEVICES FOR DIRECT-CURRENT MOTORS 


109. The Management of Direct-current Motors is in 
many particulars—since (Art. 52) the construction of these 
motors and generators is the same—similar to that of 
direct-current generators. It is suggested, therefore, that 
any reader seeking information on this subject review Sec. 2 
on the ‘‘ Management of Direct-current Generators.” 

110. Control of Direct-current Electric Motors. Rheostats.* 
—A direct-current motor of any capacity, when its armature 
is at rest, offers a very low resistance to the flow of cur- 
rent and an excessive and perhaps destructive current 
would flow through it if it were connected directly across 
the supply mains while at rest. 


ExampLe.—Consider a motor adapted to a normal full-load current 
of 100 amp. and having an armature resistance of 0.25 ohm; if this 
motor were connected across a 250-volt circuit a current of 1,000 amp. 
would flow through its armature—in other words, it would be over- 
loaded 900 per cent, with consequent danger to its windings and also 
to the driven machine. In the case of the same motor, with a rheostat 
having a resistance of 2.25 ohms inserted in the motor circuit, at the 
time of starting the total resistance to the flow of current would be the 
resistance of the motor (0.25 ohm) plus the resistance of the rheostat 
(2.25 ohms), or a total of 2.5 ohms. Under these conditions exactly 
full-load current, or 100 amp., would flow through the motor, and 
neither the motor nor the driven machine would be overstrained in 
starting. This indicates the necessity of a rheostat for limiting the flow 
of current in starting the motor from rest. 


111. An Electric Motor is Simply an Inverted Generator; 
consequently when its armature begins to revolve a voltage 
is generated within its windings just as a voltage is gener- 
ated in the windings of a generator when driven by a 


* The Electric Controller & Manfg. Co. 
70 


Sec. 3] DIRECT-CURRENT MOTORS jit 


prime mover. This voltage generated within the moving 
armature of a motor opposes the voltage of the circuit 
from which the motor is supplied, and hence is known 
as a “‘counter-electromotive force.” The net voltage tending 
to force current through the armature of a motor when the 
motor is running is, therefore, the line voltage minus the 
counter-electromotive force. In the case of the motor cited 
in the above example, when the armature attains such a 
speed that a voltage of 125 is generated within its windings, 
the effective voltage will be 250 minus 125, or 125 volts, and, 
therefore, the resistance of the rheostat may be reduced to 
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Fie. 83.—Method of connecting starting box, cut-out and main switch 
for a four-pole, shunt-wound motor. 


1 ohm without the full-load current of the motor being 
exceeded. As the armature further increases its speed, 
the resistance of the rheostat may be further reduced until, 
when the motor has almost reached full speed, all of the 
rheostat resistance may be cut out, and the counter-electro- 
motive force generated by the motor will almost equal the 
voltage supplied by the line so that an excessive current 
cannot flow through the armature. 

112. In Practice, a Rheostat (Fig. 83) is Provided for 
Starting a Direct-current Electric Motor.—The conductor 
providing the resistance is divided into sections and is so 
arranged that the entire length or maximum resistance of 
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the rheostat is in circuit with the motor at the instant of 
starting and that the effective length of the conductor, 
and hence its resistance, may be reduced as the motor 
comes up to speed. In cutting out the resistance of a 
starting rheostat it must not be cut out too rapidly. If the 
resistance is cut out more rapidly than the armature can 
speed up, a sufficient counter-electromotive force will not be 
generated to properly oppose the flow of current, and the 
motor will be overloaded. 

113. Rheostatic Controller.—If all the resistance of the 
starting rheostat (see above paragraph) is not cut out, the 
motor will operate at reduced voltage, and hence at less 
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Fic. 84.—Wiring connections for a series motor and its rheostat. 


than normal speed. A rheostat (Fig. 84) so arranged that 
all or a portion of its resistance may be left in a motor circuit 
to secure reduced speeds is called a ‘‘rheostatic controller.” 
Such rheostatic controllers are used for controlling series 
and compound-wound motors driving cranes and similar 
machinery requiring variable speed under the control of an 
operator. 

113a. In Starting a Direct-current Motor (see Fig. 85), close 
the line switch and move the operating arm of the rheostat 
(Figs. 86, 87 and 84) step by step over the contacts, waiting 
a few seconds on each contact for the motor speed to accelerate. 
If this process is performed too quickly the motor may be in- 
jured by excessive current; if too slowly, the rheostat may be 
injured. If the motor fails to start on the first step, move 
promptly to the second step and if necessary to the third, but 
no farther. If no start is made when the third step is reached, 
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open the line switch at once, allow the starter handle to return 
to the off position, and look for faulty connections, overload, 
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Fic. 85.—Direct-current motor starting rheostat. 


ete. The time of starting a motor with full-load torque should 
not, as a general thing, exceed 15 sec. for motors of 5 h.p. and 
lesser output, and 30 sec. for those of greater output. 
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Fia. 86.—Wiring connections for a shunt motor and its starting rheostat. 


114. In Stopping a Direct-current Motor, open the line 
switch. The starting-rheostat arm will return automatically 
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Fia. 87.—Wiring connections for a compound-wound motor and its 
rheostat. 


to the off position. Never force the operating arm of any 
automatic-starting rheostat back to the off position. , 
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115. Starting Rheostats for Shunt-, Compound- and Series- 
wound Direct-current Motors vary somewhat in detail, design, 
and. method of connection with the ideas of the different 
manufacturers. The rheostat shown in Fig. 85 is fairly typical 
of those for starting motors of outputs up to120h.p. Enclosed 
starting rheostats (Fig. 88) may 
frequently be employed to ad- 
vantage. 

M “Main Switch 116. The Low-voltage Release 

Device on a Starting Rheostat 

parting |. consists of a spring, which tends 

to return the operating arm to the 

off position,and an electromagnet, 

Speed Regulating ae which, under conditions of normal 

ee voltage, holds the operating arm 

“ro? in the running position. The coil 

Soe Shunt Nei of this magnet is regularly con- 

BE Gana a, alas nected across the circuit with a 

a ey protecting resistance in series, but 

ff; NS can be connected in series with 

x eS the shunt field of the motor if 

H Ca) :-| specially required. If the voltage 

eA ~< “| drops below a_ predetermined 

es WN ey value, the arm is released and 

= i. returned by the spring to the off 
position. 

117. Arcing Devices on Start- 

Fra. 88.—connections of a img Rheostats.—Arcing tips con- 
drum _ controller with a com- sisting of pivoted fingers are some- 
pound wonder times mounted near the point 
where the circuit is opened. In passing to the off position 
a lug on the end of the arm strikes and deflects the tip, 
which is in electrical connection with the first stationary con- 
tact; the current-is diverted to the tip, which snaps back when 
released and opens the circuit very quickly, thus rupturing 
the arc. Blow-out coils can, where necessary, be mounted be- 
hind the first contact and will disrupt any are formed in open- 
ing the circuit. 
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118. Overload Release Device on Starting Rheostats.—This 
device, which is not illustrated, includes an electromagnet, 


which, in case of over- 
load, attracts its arma- 
ture and forces an in- 
sulating wedge between 
two contacts, separat- 
ing them and thereby 
opening the circuit of 
the low-voltage release 
magnet. The operat- 
ing arm returns im- 
mediately to the off 
position. With some 
devices, the attraction 
of the armature closes 
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Via. 89.—Direct-current motor starting 
panels, 


two contacts which places a short-circuit around the low- 
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Fia. 90.—Wiring diagram of 


typical starting panel. 


voltage release magnet, thereby 
deenergizing it and permitting the 
operating arm to return to the off 
position. It should be noted that 
the National Electrical Code rules 


‘require the use of fuses or circuit- 


breakers (see Art. 120 with each 
rheostat even though it be equipped 
with an overload release of this 
nature. 

118a. Starting Panels for Direct- 
current Motors are shown in Figs. 
89 and 90. Panels, of which the 
illustrations are typical, are very 
desirable in that they concentrate 
all of the apparatus for the motor’s 
control at one point and greatly 
simplify the wiring. Where such 
a panel is used, it is merely neces- 


sary to run the two line wires to the line terminals of the 
panel, run the three leads between the motor and the panel 


76 ELECTRICAL MACHINERY [Arr. 119 


and the installation-is ready for operation. The designs of _ 
different manufacturers vary in details. The panels can be 
obtained for either front or rear connection and with circuit- 
breakers or fuses for over-load protection. Which is preferable 
is determined by the characteristics of the installation in 
question. 

119. The Advantages and Disadvantages of Fuses vs. Cir- 
cuit-breakers may be summed thus: (1) Fuses have a time 
element that unmodified circuit-breakers do not have; that is, 
fuses will not open an overloaded circuit as quickly as will 
ordinary circuit-breakers. For this reason fuses may be pref- 
erable for motors that are liable to very brief overloads, 
especially where expert supervision of electrical apparatus is 
maintained, as in large mills and factories. A supply of extra 
fuses must be kept available. Where there are many fuse 
replacements the cost of fuse renewals is considerable. (2) 
Circuit-breakers can be reset in less time and with less trouble 
than is required to replace blown fuses, and no extra parts are 
required. Circuit-breakers may therefore be preferable where 
time saving is an important consideration. The-first cost of 
the circuit-breaker equipment is more than that for fuses, but 
for severe service the circuit-breakers are much the cheaper 
in the long run. 

120. The National Electrical Code Rules Require That Each 
Motor and Its Starter be Protected by fuses or a circuit-breaker 
and controlled by a switch which must plainly indicate whether 
on or off. The switch and cut-out (fuses or circuit-breaker) 
are, preferably, located near the motor and in plain sight of 
it. All wiring should be neat and workmanlike and the wires 
should be run in conduit wherever possible. For further in- 
formation relating to the ‘“‘Code”’ requirements (governing the 
installation of motor-control apparatus) and the reasons and 
explanations therefor, see the author’s W1rine For Ligur anD 
PowER. 

121. In a Series-wound Motor the Speed Varies Inversely 
‘as the Load (Fig. 84)—the lighter the load the higher 
the speed. See also Art. 59 under ‘Direct-current Motors 
and Generators.” A series-wound motor of any size, when 
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supplied with full voltage under no-load, or a very light 


load, will “run away” just as will a steam engine without 


a governor when given an open throttle. For a given load, 
a series-wound motor with its rheostat in series draws the 
same current irrespective of the speed and for a given load 
the speed varies directly as the voltage. The speed at a 
given load may be varied by varying the resistance in the 
motor circuit; in the meantime if the load on the motor 
be constant the current drawn from the line will be constant 
regardless of the speed. 

122. Shunting the Field of a Series Motor.—The above 
statements relate to the use of a rheostat in series with a 
series-wound motor. If a resistance or rheostat be placed in 


parallel with the field of a series-wound motor the speed will 


be increased instead of decreased at a given load. This is 
known as shunting the field of the motor. This shunt 


. would never be applied till the motor has been brought up 


to normal full speed by cutting out the starting resistance. 
With a “shunted field’? a motor drives a load at a speed 
higher than normal and therefore requires a correspondingly 
increased current. 

123. Shunted Armature Connection of a Series Motor.—If 
a resistance is placed in parallel with the armature of a series 
motor, the motor will operate at less than normal speed when 
all the starting resistance has been cut out. This connection 
is known as a ‘‘shunted armature connection” and is useful 
where a low speed is desired at light loads and is particularly 
useful in some cases where the load becomes a negative one, 
that is, where the load tends to overhaul the motor, as in low- 
ering a heavy weight. 

124. Speed Control of Shunt: wound Motors.—A shunt- 
wound motor (Fig. 86) unlike a series motor, when supplied 
with full voltage, maintains practically a constant speed re- 
gardless of variations in load within the limits of its capacity. 
See also Art. 63 under ‘Direct-current Generators and 
Motors.” It automatically acts like a steam engine having 
a very efficient governor. The speed of a shunt-wound motor 
may be decreased below normal by a rheostatic controller in 
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series with its armature and may be increased above normal 
by means of a rheostat in series with its field winding. The 
latter rheostat is known as a “field rheostat,’”’ and, to be ef- 
fective, must have a high resistance owing to the small cur- 
rent which flows through the shunt-field winding. 

125. Speed Control of Compound-wound Motors.—A com- 
pound-wound motor (Fig. 87) is a hybrid between a series and 
shunt-wound motor and its characteristics are likewise of a 
hybrid nature. See also Art. 67 under “‘ Direct-current Gen- 
erators and Motors.’”? A compound-wound motor will not 
“run away”’ under no-load as will a series motor, but its speed 
decreases as the load increases, though not so rapidly as is 
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Fia. 91.—Machine-tool controller. 


the case with a series-wound motor. The characteristics of 
the compound-wound motor render it particularly valuable in 
cases where the load is subject to wide variation. It will give 
a strong torque in starting and driving heavy loads and will 
not race dangerously when the load is suddenly relieved. 

126. The Speed of a Compound-wound Motor may be 
reduced below normal by means of a rheostat in the circuit 
of its armature. The speed may be increased above normal 
by shunting and even short-circuiting the series-field winding, 
and may be still further increased by means of a field rheostat 
in series with the shunt-field winding. 

127. Rotary, Drum or Machine-tool Type Controllers for 
Direct-current Motors.—Although controllers of this type 
(Figs. 91. 92 and 93) find their most frequent applications on 
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Fic. 93.—Connection diagram for machine-tool controller of medium 
capacity using drum for armature control and revolving arm for field 
control. 
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machine tools, they are very desirable for any service where 
the work is severe and where the expense of an enclosed con- 
troller is justified. Machine-tool work usually requires a com- 
bination starting and speed-regulating controller, that is, one 
whereby the motor is started by cutting out armature resist- 
ance. After the motor is started its speed is regulated by 
varying the amount of resistance in series with the shunt fields 
These controllers can be purchased for this service and for 
control or starting service of practically any type. The methods 
of construction and connection are so numerous that only one 
type of drum controller, one which is used for machine-tool 
service, will be described here. 

128. Advantages of Controllers of the Dre Type are that 
the contacts and arm are entirely enclosed and that the move- 
ment of a single handle in one direction or the other starts 
the motor in a corresponding direction and brings it to the 
running speed desired. The operating arm remains securely 
locked at the proper notch until released by the operator by 
pressing a button in the handle. 


EXAMPLE.—There are two switching devices in the controller shown in 
Figs. 92 and 93. One connects to the armature or starting resistor and 
the other connects to the field control resistor. Both switching devices 
are operated by the same handle. In drum controllers of small capacity 
the armature switching device consists of an arm passing over contact 
buttons and all of the resistors are mounted within the drum; that is, 
the controller is self-contained. In controllers of large capacity, the 
armature resistance is cut in and out by a rotating drum similar to that 
used in street-railway service and all of the resistors are mounted ex- 
ternal to the controller. The field resistance is cut in and out by a 
rotating arm passing over contact buttons in all but the largest con- 
trollers for which a drum is used. Are shields between drum segments 
and blowout coils are provided where necessary. The controllers can 
be arranged to provide dynamic braking. Speed ranges of from 1 to 2 
to, possibly, 1 to 6 are usually provided. 


129. Operation of Drum-type Controllers (see Figs. 92 and 
93).—Continuous movement of the operating handle in either 
direction first starts the motor in the corresponding direction 
of rotation, then cuts out the starting resistance, and finally 
cuts in the field resistance until the desired running speed is 
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reached. The handle should be moved over the starting 
notches in not over 15 sec. for motors of possibly 10 h.p. 
capacity and in not over 30 sec. for larger motors. The start- 
ing resistance should not be used for speed control. For a 
quick stop when operating with weakened field, move the 
handle quickly to the first running notch, hold it there mo- 
mentarily and then move it to the off position; the application 
of full field strength when the speed is high causes dynamic 
braking, thus checking the speed quickly and without shock. 
For a very quick emergency stop, the handle can be moved 
to the first reversing notch after checking the speed by dynamic 
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Fic. 94.—Non-automatic starting and speed-adjusting rheostat. 


braking, but this operation causes severe mechanical and 
electrical stresses; and should never be carried beyond the first 
notch. When the motor is to be at rest for any considerable 
length of time, open the line switch. 

130. A Non-automatic Starting and Speed-adjusting Rheo- 
stat for Direct-current Motors is shown in Fig. 94. This 
device has no low-voltage or overload protection, hence is 
suitable only for applications where skilled attendance is avail- 
able. The operating arm makes contact as it is revolved 
between the circular bars and the resistance contact buttons. 
There are a number of field-control steps, hence close speed 
adjustment over a considerable range can be obtained. The 
contact buttons of the inner circular segment are connected 
to the starting resistor and the contacts of the outer circle are 
connected with the running resistor. A reading of the follow- 

6 
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ing paragraph describing the operation of the device will 
render clear the principles involved. 

131. Operation of a Non-automatic Starting and Speed- 
adjusting Rheostat* (Fig. 94).—To start the motor, close the 
line switch or circuit-breaker and move the operating arm of 
the rheostat over the starting buttons to the first running 
position (the point where the two 
bar contacts overlap). A motor 
starting with full-load torque 
should be brought to this point 
in approximately 15 sec. Further 
movement of the operating arm 

—-/=-' increases the motor speed by field 
String al 4 control. The motor can be oper- 
ME Nee lee ated continuously with the arm 
Reversing----"| J on any field contact button, but 
yg with rheostats of this design must 
not be allowed to run on any 
starting button. To stop the 
motor, open the line switch or 
circuit-breaker and move the rheo- 
stat arm to the off position. The 
latter movement must not be for- 
gotten, since this rheostat has no 
automatic features. To protect 
the motor in case of failure of 
the power supply and its subse- 
quent return after the motor has 
Fic. 95.—Series motor con- stopped, a low-voltage release 
ia aula der! tare Ee circuit-breaker should be installed 
in series with each rheostat. The rheostat handle must be in 
the off position before the circuit-breaker is closed. 

132. A Regulating Controller for a Direct-current Series 
Motor is usually connected substantially as diagrammed in Fig. 
95. A non-reversing controller, C,is shown. Hence, when it 
is desired to reverse the direction of rotation of the motor the 


reversing switch, S, must be thrown to the reverse position. 
* Westinghouse Elec. & Manfg. Co, 


Series-Wound 
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The circuit-breaker or buses are shown at B and the main 
switch at M. 

133. The Connections of a Regulating Controller for a Com- 
pound-wound Motor are shown in Fig. 88. The external con- 
nections would be the same for either a shunt- or compound- 
wound motor of either the interpole or non-interpole types. 
The overload protection and main switch are located as in the 
previous example. : 

134. The Principle of the Automatic Starter is illustrated 
diagrammatically in Fig. 96. Starters of some types employ 
the solenoid arrangement illustrated, while others (Fig. 99) 
involve a series of contactors or automatically operated 
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Fria. 96.—The elements of one type of automatic starter. 


switches which cut out the starting resistance as the motor 


speed increases. Where a solenoid-operated type of starter 


similar to that shown in the illustration is used, a master 
switch, M, or push button is utilized to close the control cir- 
cuit through an auxiliary switch. When the auxiliary switch, 
C, is thereby closed, this completes the circuit through the 
solenoid, S. Thus the solenoid is energized and the core is 
pulled up into it, which cuts out of circuit as the ccre rises the 
resistor sections of the starting rheostat. A dash pot, D, is 
provided, the piston in which is attached to the solenoid core. 
Thereby the core is prevented from rising abruptly and cutting 
out the resistor sections too rapidly. 
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135. Multi-switch Starters for Direct-current Motors are 
used for motors of large output and for motors of medium out- 
put that start under severe overloads. Starters of this type 
are built of capacities of about 50 h.p. and upward. Fig. 97 
shows a typical starter of this type. In the starter shown, 
when each switch is closed it compresses a spring which insures 
firm contact between the copper block contacts. The first 
switch of single-pole starters of the design illustrated and the 

#first two switches of double-pole starters, close and open the 
circuit. These switches are provided with arc-shields and 
blow-out coils. A mechanical interlocking device makes it . 
impossible to close the switches in any but the proper order. 
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Fic, 97.—Multi-switch starter (single-pole starter is shown). 


Each starter is equipped with an overload release and a 
low-voltage release, which throw open all the switches in event 
of an overload or a failure of voltage. Both devices are effect- 
ive while the motor is being started, and the tripping point 
of each is adjustable over a range. The overload release can 
be tripped by hand. In order to insure the closing of all the 
switches a pendant switch in series with the low-voltage release 
coil must be held closed until the last switch of the starter 
is closed; if this button is released before the last switch is 
closed, all the switches promptly open. The last switch auto- 
matically closes the release-coil circuit. 

A field relay switch is sometimes provided for use in con- 
nection with a separate speed-adjusting field rheostat. This 
switch short-circuits the field rheostat during the acceleration 
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of the motor, so that the motor is always started with full field 
strength regardless of the position of the rheostat arm. If 
the field rheostat arm is at the off position, the short-circuit 
is automatically removed when the motor reaches full speed, 
but if there is more resistance in series with the motor shunt 
field than would be safe to insert in one step the field rheostat 
arm must be first moved to the off position before the rheostat 
is available for speed adjustment. 

136. In Starting a Motor with a Multi-switch Starter 
(Fig. 97) close the switches, one at a time, in regular con- 
secutive order. With the single-pole type starter the first 
switch closes the armature circuit with all the resistance in 
series and connects the shunt field of shunt and compound- 
wound motors directly across the line; each succeeding switch 
short-circuits a section of resistance. In the double-pole 
type the first two switches must be closed in order to admit 
current to the motor. With full-load torque, the motor 
should be started in 1 min.; with 50 per cent. overload, in 
30 sec. The motor is stopped by tripping the overload 
release. 

137. Magnet-switch Controllers (Figs. 98 and 99) consist 
essentially of a group of electromagnetically actuated 
switches. Magnet switches can be arranged into an almost 
innumerable number of combinations for different services. 

Only one arrangement which will illustrate the principles 
involved will be treated here. For further information see 
manufacturers’ catalogues. The switches are operated by 
shunt magnet coils. Their action can be manually or auto- 
matically governed. Fig. 98 gives cross-sectional views of . 
two kinds of magnet switches. The rate of acceleration is 
controlled by a series relay the operation of which will be 
understood by reference to Fig. 99. This diagram shows 
a compound-wound motor connected to a three-point mag- 
net-switch controller with a one-point master switch. The 
magnet switches are shown at M,, M, and M3, the main 
contacts at J, IJ, and III, and the interlocking contacts at 
a-d, b-b, f-f, etc. Main circuits are shown in heavy lines 
and interlocking circuits in light lines. 
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The series relay,-h, is a small electromagnet, the plunger 
of which carries a contact disc which normally spans two 
stationary contacts s-s, in series with the magnet coil inter- 
locking circuit. The magnet coil is connected in series with 
the main circuit and the amount of current required to lift 
the plunger can be adjusted by weights on the plunger. 
Note that the line switch in the diagram does not close 
either the motor or the magnet switch circuits. Operation 
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Fia. 98.—Sectional elevation of two typical magnet switches. 


does not begin until the master switch is closed. Closing 
the master switch connects coil M, across the circuit; the 
plunger rises closing contact I and bridging a-a with disc 1. 
The motor starts and the high starting current causes the 
series relay to open gap s-s, in the control circuit. As soon 
as the motor current falls to a point predetermined by the 
relay adjustment, gap s-s is again closed and coil My is con- 


0 


the relay, so that though the relay | 
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Fig. 99.—Magnet switch controller arranged for the automatic accelera- 
tion control of a compound-wound motor. 


II are then closed; interlocking contacts b-b and d-d are 
bridged and gap c-c is opened. 
Contacts JI short-circuit resistance 


R.-R;, causing an increase in the | ation 
{ 


4 
motor current, so that the series Hees 


relay again opens s-s. But the 
opening of c-c and the closing of 
b-b has meanwhile connected MM, 
across the circuit independent of 


can delay the closing of a magnet  sayes L_ 
switch, it has no control over one “” : “ai 4 es Fee 
already closed. When the start- ,,.,|I ¥ mt 

ing current decreases, gap s-s is "|p" 
again closed; coil M; is energized, HI, 
closing contacts JJZ and connect- < 
ing the motor directly across the 1S << 
line. The gap f-f is bridged with — }y¢. 100.—Assembly of a 


contact 4, so that the coil M3; is Magnet switch controller for 
y elevator service showing how 


removed from any further control the switches may be mounted. 


by the relay. 
If the voltage fails the magnet switches drop open. On 
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return of the voltaye (the master switch remaining closed), 
they close automatically in the correct sequence to start. 
and accelerate the motor. For some kinds of service an 
overload relay is used. ‘This relay is similar to the series ac- 
celeration relay in operation but it is so connected that all 
but the first magnet switch drops open when an overload 
occurs. The motor now operates slowly with all the resist- 
ance in series with the arma- 
A Sa Aa ture until the overload is re- 
s moved, after which the open 
switches close as in starting. 
The point at which the relay 
will operate is adjustable by 
weights on the plunger. 

Of the many applications 
of magnet switches possibly 
the most important are the 
control of direct-current ma- 
chine-tool motors and éleva- 
tor motors. Fig. 100 shows 
a front view of a magnetic- 
switch elevator controller. 

138. Field Relay Switches 
are required where separate 
rheostats are used for starting 
2000007 d and controlling the speeds of 
: eae motors. This is required by 

aS eee meat eee CU tela a National Electrical Code rule 

to prevent the possibility of 
starting a motor with weakened field. The switch, shown in 
Fig. 101, mounted under the starter handle accomplishes this 
function by short-circuiting the field rheostat during accelera- 
tion so that the motor must always start with full field re- 
gardless of the position of the field rheostat arm. The switch 
shown, or a similar one, can be applied to ordinary starting 
and. speed-regulating rheostats and generally should be 
mounted on the rheostat at the factory of the firm that 
furnishes it. 
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139. The Field Relay Switch Shown Consists of a small 
electromagnet, a pivoted switch bar, and a stationary 
contact. The switch bar is normally held away from 
the contact by a helical spring. The magnet-coil, switch bar, 
and contact are in series with a circuit that parallels the 
field rheostat. When the operating arm of the starting 


’ rheostat is moved to the first step, a pin on its hub 


presses the relay switch bar against its stationary contact, 
thus short-circuiting the field rheostat. As the arm is 
turned the pin on the starter hub soon releases the relay 
switch bar; but the relay electromagnet, energized when 
the contacts close, holds this bar temporarily in place. 
The winding of the relay electromagnet is so proportioned 
that if there is little or no resistance in series with the motor 
shunt field, the relay magnet will release the switch bar before 
the motor is brought to full speed, leaving the field rheostat 
available for speed adjustment. But if the field rheostat 
arm is turned so that there is more resistance in series with 
the shunt field than would be safe to insert in one step, 
the electromagnet will keep the relay switch closed until 
the arm of the field rheostat is brought back toward the off 
position. 

140. Starting and Speed-adjusting (Field-control) Rheo- 
stats for Direct-current Shunt- and Compound-wound 
Motors.—There are as many and more designs as there are 
manufacturers, but the equipment shown in Figs. 102 and 
103 is typical and can be used for starting and regulating 
speed in non-reversing services where speed adjustment by 
field control is desirable. Fig. 104 shows the application of 
one of these rheostats to a compound-wound commutating- 
pole motor. ‘The apparatus is so arranged that the motor is 
always started with full field strength. In case of failure 
of the voltage, the field control resistance is automatically 
short-circuited and the motor is disconnected from the line. 

140a. Construction of a Starting and Speed-adjusting 
Rheostat (Fig. 103).—The rheostat consists of a face plate 
carrying the contacts, operating arms, and safety devices, 
mounted in connection with two resistors. One resistor is 
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for starting and one is for adjusting the field strength. 
The face plate carries three rows of stationary contacts. 
The upper row is connected with the field adjusting re- 
sistor, the second row with the starting resistor; and the 
lower row contains a long curved segment for  short- 
circuiting the field resistance in starting. A contact for 
short-circuiting the armature resistance when the arm is in 
the running position is sometimes provided. The face plate 
supports two arms, an operating arm and a short-circuiting 
arm, pivoted to the same hub and arranged so that they 
cannot pass each other. The operating arm carries the 
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Fic. 102.—Starting and speed-ad- Fic. 103.—Wiring diagram for 
justing rheostat. starting and speed-adjusting rheo- 
stat. 


handle and two contact fingers, one for the starting con- 
tacts and the other for the field contacts. The short- 
circuiting arm has a contact finger which slides over the con- 
tact bar, short-circuiting the field resistance in starting, 
and the armature resistance while running. In some designs 
this arm also carries laminated copper brushes which short- 
circuit the starting resistance when the arm reaches the 
running position. A spring tends to return the short-cir- 
cuiting arm to the off position. 
Under conditions of normal operation the short-circuiting 
arm is held in the running position against the force of the 
spring by an electromagnet connected across the line in series 
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with a protecting resistance. If the voltage falls below a 
predetermined point, the arm is released and returns to the 
off position, carrying the operating arm with it. Rheostats 
for this service are frequently arranged so that the circuit 
is opened between a lug on the operating arm and a small 
pivoted finger with a centering spring mounted near the first 
starting contact and connected to it electrically. The 
current is always broken abruptly no matter how slowly the 
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Fra. 104.—Connections of a starting and speed-adjusting rheostat for 
a shunt-wound, commutating-pole motor. 


t - 
arm may be moved. Blow-out coils are sometimes mounted 
on the rear of the face plate to disrupt any are that may form. 

An overload release device can be mounted on all but 
the largest rheostats of this type. It consists of an 
electromagnet which, in event of an overload, opens the 
low-voltage magnet circuit, thus releasing the short-circuiting 
arm. ‘The tripping point is adjustable. The National 
Electrical Code rules require the use of a circuit-breaker 
or fuses with a rheostat equipped with an overload release 
of this character.* 


* Westinghouse Elec. & Manfg. Co. 
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140b. Operation of a Starting and Speed-adjusting Rheo- 
stat (Figs. 102 and 103).—The motor is started by 
moving the operating arm to the running position, stopping 
a few seconds on each starting contact to permit the 
speed to accelerate. The retaining magnet holds the short- 
circuiting arm in the running position where it short-circuits 
the starting resistor. The operating arm is then moved 
back over the field-resistance contacts until the desired 
speed is reached. For motors starting with full-load torque, 
the time of acceleration should be from 15 sec. to 30 sec., 


ycSeries Field 


Fie. 105.—Method of connecting two motors so that they both may be 
controlled by one set of starting and speed-regulating equipment. 


depending upon the capacity of the motor. To stop the 
motor, open the line switch. Both arms then return to the 
off position automatically. 

141. The Arrangement of One Starting and Speed-adjusting 
Rheostat for the Control of Two Motors, A and B, is illus- 
trated in Fig. 105. This arrangement was used* to provide 
emergency service on the other motor if one motor failed. By 
throwing the three-pole double-throw switch, S, the control 

*R. L. Hervey in Pownr, Sept. 19, 1916. 


ees 


Sec. 3] DIRECT-CURRENT MOTORS 93 


equipment is connected to either motor. The resistance of 
the field regulator of C not being sufficient to increase the 
motor speed as desired, an additional rheostat, R, was inserted 
in the field circuit. The single-pole switch, S., wasso connected 
that R could be shunted out of circuit if necessary. 

142. Armature Control Speed Regulators (Fig. 106) are 
used for speed reduction with shunt, compound or series motors 
in non-reversing service where the torque required decreases 
with the speed but remains constant at any given speed as 
with fans, blowers and centrifugal pumps. They can also be 
used for applications where the torque is independent of the 
speed, as with job printing presses. However, this method 


Field Terminal Armature Terminal 
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Low Voltage 
Frelease... 
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Front View. Wiring Diagram. 


Fic. 106.—Armature-control speed regulator. 


of speed control is not suitable for such applications where 
there is operation for long periods at reduced speed, since such 
operation is not economical. It is not possible, where the 
torque varies, to obtain constant speed with these controllers. 

143. Construction of an Armature Control Regulator.—In 
the regulator shown the low-voltage release consists of an 
electromagnet enclosed in an iron shell, a sector on the pivot 
end of the operating arm, and a strong spring which tends to 
return the arm to the off position. The magnet is mounted 
directly below the pivot of the arm and its coil is connected 
in shunt across the line in series with a protecting resistance. 
When the magnet is energized its plunger rises and forces a 
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steel ball into one of a series of depressions in the sector on the 
arm with sufficient force to hold the arm against the action of 
the spring; each depression corresponds to a contact. The 
arm can be easily moved by the operator, however, as the ball 
rolls when the arm is turned. When the voltage fails, the 
magnet plunger falls and the spring throws the operating arm 
to the off position. An overload release, similar to that de- 
scribed in another paragraph, which operates by opening the 
low-voltage coil circuit, is sometimes furnished on regulators 
of this type. Standard commercial rheostats of this type are 
designed to give about 50 per cent. speed reduction on the 
first notch. See the following paragraph on operation for 
further information. 

144. Operation of Armature Control Speed Regulators (Fig. 
106).—Forward motion of the operating arm starts the motor 
and brings it gradually to maximum speed. Moving the arm 
over the first few contact buttons increases the shunt field 
strength if the motor is shunt or compound. The movement 
over the succeeding buttons cuts out: armature resistance and 
permits the motor to speed up. 

145. Objections to Armature Control.*—(a) Bulk of Rheostat. 
—This may not be very objectionable if only a few motors 
are so controlled, but for a number the extra space becomes a 
factor, and in many cases it is difficult to find SEBO room 
near the motor. 

(b) Inefficiency of the System.—The same amount of power 
is supplied at all speeds but at low speeds only a small part of it 
is converted into useful work, the balance being wasted in 
the rheostat as heat. 

(c) Poor Speed Regulation with Varying Speeds.—Since the 
impressed voltage at the armature terminals is equal to the 
line voltage minus the resistance drop in the rheostat any 
change in the current drawn by the motor produces a change 
in the terminal voltage, the counter e.m.f., and therefore the 
speed. 

This condition is illustrated by the graphs of Fig. 107, 
which are plotted from data obtained from a 4-h.p. motor. 


“Crocker and Arendts, E.ecrric Morors. 
¢ 
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With all of the armature resistance in circuit the speed at full- 
load—4 h.p.—is 750 r.p.m. whereas at no-load the speed is 
1,220 r.p.m. ‘That is, there is a drop in speed of 470 r.p.m. 
between no-load and full-load, hence the speed regulation is 
470 + 1,220 = 38.5 per cent. 

146. Crane Controllers for Direct-current, Series and Com- 
pound-wound Motors are usually arranged somewhat as indi- 
cated in Fig. 108. The switching device consists of a disc of 
soapstone or other fireproof insulating material carrying station- 
ary contact pieces and a pivoted switch arm carrying four con- 


Full Load 


6 7 8 9 


4 5 
Horsepower 


Fic. 107.—Graphs showing speed-load characteristics with different 
percentages of armature resistance in circuit. 


tactors. Blow-out coils are usually provided to effectively rup- 
ture the ares that form when the contactors pass from one con- 
tact piece to the next. The resistors may be contained in the 
controller base, as in small controllers, or may be arranged for 
separate mounting as in large ones. In Fig. 108 the fine lines 
within the circle are shading lines which merely indicate that 
the circle is a soapstone dise. Only the heavy lines within the 
circle represents electrical connections. Fig. 109 shows two 
typical controllers. 

Movement of the controller handle in either direction past 
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the off position starts the motor in the corresponding direction 
of rotation. At each step a section of resistance is short-cir- 
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Fig. 108.—Connections of a 16-point crane controller connected to a 
series motor. 


cuited. At the full-speed positions all the resistance is short- 
circuited. Stops prevent over-running past the full-speed 
positions. Direct-current crane controllers increase or decrease 
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Fra. 109.—Crane controllers. 


the amount of resistance in series with the motor and thereby 
control its speed. 
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147. Dynamic Braking of Direct-current Motors is effected 
by allowing a motor to be temporarily driven as a generator 
by its load. The mechanical energy of the moving machinery 
or descending load is thus converted into electrical energy and 
then into heat which is dissipated in resistance. The result 
is that the speed of the motor is promptly retarded. The 
amount of braking action can be adjusted by varying the cur- 
rent flowing in the motorarmature. A load exercising an active 
torque on the motor armature, such as an elevator car, can- 
not be brought to a full stop by this method, since with the 
decreasing armature speed the braking action also decreases. 
For final stopping, some form of mechanical brake, which acts 
automatically, is therefore necessary. 

148. Dynamic Braking is Used in connection with motors 
for elevators, hoists, cranes, coal and ore handling machinery, 
railway cars, etc. It is employed for reducing the motor speed 
just before a stop, as in elevator service; or for controlling 
the speed of moving objects, as in lowering crane loads, re- 
tarding the speed of the cars descending grades, and the like. 

149. The Principal Advantages of Dynamic Braking are the 
practical absence of all wear and tear on the apparatus, con- 
venience of application, and ease, accuracy, and certainty of 
control. In dynamic braking with a properly selected motor, 
active deterioration is limited to the controller contacts, which 
can be arranged for quick, easy, and inexpensive renewal. No 
special or additional apparatus is required for braking except 
the resistance which can be placed wherever convenient within 
a reasonable distance from the motor. The braking effect can 
be adjusted with great accuracy over a wide range by varying 
the armature current or the field strength by means of suitable 
resistance. In some instances, notably with railroads, dynamic 
braking actually returns energy to the circuit; but in industrial 
service the energy generated is usually dissipated by resistance. 
In electric cars, during the winter months, this dynamic brak- 
ing current is in many cases used in the heaters for warming 
the cars. - 

150. Heating with Dynamic Braking.—The most important 
limitation to the use of dynamic braking is the heating of the 

7 
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motor by the generated currents. For simple stopping duty 
this action is insignificant, as it lasts only a few seconds; but 
with speed control in lowering a load by dynamic braking, the 
generated current may flow for an extended length of time and 
the heating may be considerable, especially as it is added to 
the heating of the machine when operated as a motor. This 
additional heating effect due to the braking current must be 
considered in selecting the motor. 

151. Dynamic-braking Connections.—Fig. 110 shows by 
simple diagrams some of the possible connections. Diagram 
I shows the armature of a shunt motor short-circuited through 
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Fic. 110.—Dynamic braking connections. 


a brake resistance, the field remaining across the line. Dia- 
gram JI shows the armature of a compound motor short- 
circuited through the series field and a brake resistance, the 
shunt field remaining across the line. Diagram JII shows the 
armature of a series motor short-circuited through the series 
field, a protecting resistance for the field, and a brake resistance 
—the field and its resistance being in series across the line. 
Diagram IV shows the armature and series field of a series 
motor short-circuited through a brake resistance, all of which 
are entirely disconnected from the line. ; 

By cutting out the series field in diagram II the braking 
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effect can be diminished, the connections then being as in J. 
' The connections shown in diagram III are generally preferable 
_ for series motors during the first part of the braking operation, 
in order to insure building up as a generator. As soon as the. 
generator action has begun, the connections can be changed 
to those shown in diagram JV. In each of the cases shown 
by the four diagrams the braking effect can be increased by 
short-circuiting sections of the brake resistance and thus in- 
creasing the armature current. 

152. The Control of Large Direct-current Motors with an 
_ Equalizer Flywheel Motor-generator Set (Figs. 111 and 
112) is illustrated diagramatically in Fig. 113. Methods of 


Fig. 111.—A flywheel, motor-generator hoisting set installed for the 
North Butte Mining Company. The motors are the largest in the world 
installed in mining service for hoisting. The direct-current motor is 
an 1850 h.p., 71 r.p.m. machine. The alternating current motor has 
a capacity of 1400 h.p. The direct-current generator has an output_of 
1500 kw. The outfit hoists as much as 10 tons of ore per trip. See 
Fig. 112 for motor and hoists. (Westinghouse Electric Co.) 


control similar to that suggested have been employed for 
mine-hoist motors and for rolling-mill motors having capaci- 
ties as great as 15,000 h.p. Energy for driving the roll or 
hoist motor is supplied from a three-phase, alternating- 
current line, but this alternating current does not directly 
drive the roll motor, R, but instead merely the motor, 
M (Fig. 113), which drives the flywheel motor-generator set. 
The energy to the roll motor is supplied directly by the 
direct-current generator, G, of this set. The roll motor, R, 
is controlled by varying the strength and direction of the 
field current of the direct-current generator, G, which field 
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Fie. 112.—Variable speed, direct-current motor and hoist of the North 


Butte equipment. See Fig. 111 for the flywheel, motor-generator 
set. ‘ 
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Fig. 113.—Diagram of flywheel-motor-generator control for a large 
motor operating under service conditions, 
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current is supplied by exciter H. With this method, to 
control the speed of and reverse the roll motor, it is merely 
necessary to vary or reverse the field current of the 
generator by. manipulating controller C. Dynamic braking 
is used to stop the roll motor. 

153. The Function of the Flywheel of the Motor-generator 
Set is to equalize the draft of energy from the alternating- 
current line, L. If the mill motor tends to draw a large 
current from the line, the motor-generator set would tend to 
slow down. ‘Then the flywheel will impart its stored energy 
to the system during these moments of heavy load on the roll 
motor. When the peak load is over, the alternating-current 
motor will again attain normal speed and store energy in the 
flywheel. The load on the alternating-current motor is 
greater than that on the roll motor when the roll motor is 
lightly loaded. But, when the roll motor, R, is pulling 
its peak loads, the alternating-current motor, M, carries 
the smaller load. 

154. The Function of the Torque Motor, 7 (Fig. 113), 
is to throw the peak load on the flywheel. It does this by 
introducing resistance into the rotor circuit of the large 
alternating-current motor, M, thereby reducing its speed. 
The slip regulator is merely a liquid rheostat having three 
pairs of electrodes, one pair connected in series with each 
phase of the rotor circuit of M. The movable electrode of 
each pair is connected to an arm arranged on the shaft of 
the small torque motor. When the current in the line, Z, 
tends to decrease due to a heavy draft of energy by R, the 
torque motor decreases the distance between the electrodes 
and M increases its speed accordingly. 

155. A Float or Tank Switch is illustrated in Fig. 114. 
Devices of this character are used to stop and start pump 
motors, such, for example, as those used for draining the 
sumps in basements of buildings. As the water in the pit 
rises, the rod, R, is forced upward by the action of the float, 
F, on the surface of the liquid in the pit. On the rod are 
two stops, Sand 8S’. When the pit is almost full, the stop, 
S’, will push against the switch arm, A, and when this 
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arm has been forced to move a certain distance, the weighted 
tumbler, W, flops over and causes the switch to close. This 
energizes the solenoid of the automatic starter ordinarily 
used with such motors (Fig. 265) and the motor commences 
to drive its pump, which raises the water out of the pit. 
As the water in the pit is lowered, the float falls and finally 
stop S strikes the switch arm, the control circuit is opened 
and the motor is stopped. 
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Fig. 114.—Illustrating the mech- Fig. 115.—An automatic starter 
anism of a float switch. arranged in combination with a 
pressure regulator for controlling a 

direct-current motor. 


156. The Method of Connecting an Automatic Starter 
for a Pressure-regulator-control, Direct-current Motor is 
illustrated in Fig. 115. Where a motor is to be controlled 
by a float switch the general scheme of connections is similar 
to those illustrated in Fig. 265, which shows the connections 
for alternating-current motors. 

157. Field-discharge Switches and Resistors should be pro- 
vided in connection with all electrical machines having field 
circuits, of considerable inductance, which are energized by 
direct current. Unless some sort of resistor path is provided 
for the dissipation of the electro-magnetic energy stored in the 
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magnetic field, it will cause destructive arcing at the field 
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Tia. 116.—Arrangement of discharge resistors, 


switch whenever this switch is opened. The voltage to which 


this arcing is due is an e.m.f, 
of self-induction, and it may be 
(unless a dissipative resistor 
is provided) great enough to 
puncture the insulation on the 
field windings. Fig. 116 illus- 
trates some of the possible con- 
nections as applied to direct- 
current motors, but the general 
principles there indicated can, 
with obvious modifications, be 
applied to the shunt-field cir- 
cuits of all direct-current ma- 
chines and to the field circuits 
of alternating-current ma- 
chines. In Fig. 116, J, there 
is no field discharge resistor or 
switch, hence when the main 
switch, S;, is opened, the field 
ean discharge directly through 
the armature. Where auto- 
matic-control equipment is 
used with motors a switch, 7, 
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Ira. 117.—A field discharge 
switch. (A and C connect to field- 
winding terminals and B connects 
to one end of the field discharge 
resistance.) 
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is often inserted between the shunt field and the arma- 
ture and a field discharge resistor, 2, is then arranged across 
the shunt field as suggested in the diagram. Where this de- 
vice is utilized, there is a constant J’?F loss in the discharge 
resistor, Ri, so long as the voltage is impressed across the 
shunt field. A shunt-field resistor may have a relatively high 
resistance, hence this J?R loss is often negligibly small and 
the simplicity of the scheme of IJ may justify its employment. 
At III, a field discharge switch, S3 (Fig. 117), is employed 
which cuts the discharge resistor in circuit with the shunt field 
whenever the main switch is opened. 


wa 


SECTION 4 


TROUBLES OF DIRECT-CURRENT GENERATORS AND 
MOTORS 


158. Troubles of Direct-current Generators and Motors.*— 
Since, as explained in Art. 52, the construction of direct-cur- 
rent generators is essentially the same as that of direct-current 
motors, most of the troubles inherent to one are also en- 
countered with the other—the remedies for generator troubles 
are about the same as those for motor troubles. Therefore, 
while some of the matter in this section applies specifically 
to direct-current motors it may under certain conditions also, 
with equal force, relate to direct-current generators. 


* Considerable of the material under this heading is based on that in the valuable 
book, Moror Trovusxies, by IE. B. Raymond, This book, which should be in the 
hands of every electrical man, treats of the tracing of direct-current and alternating- 
current motor troubles. 
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159. Direct-current Generator and Motor Troubles. 


Sparking at the brushes 


Brushes 


Commutator 


ELECTRICAL MACHINERY 


Not set diametrically 
opposite. 


[Art. 159 


(From MAcHINERY, 


by special permission) 


A. 


B. 


Should have been set properly at first, by counting 
bars, or by measurement on the commutator. 

Can be done if necessary while running; move rocker 
until brush on one side sparks least, then adjust other 
brushes so they do not spark. 


Not set at neutral 
points. 


Move rocker back and forth slowly until sparking 
stops. 


Not properly trimmed. 


Brushes should be properly trimmed before starting. 
If there are two or more brushes one may be re- 
moved and retrimmed. 

Clean with alcohol or ether, then grind and reset 
carefully. See lines 1, 4, 38. 


Not in line. 


iw) 


Adjust each brush until bearing is on line and square 
on commutator bar, bearing evenly the whole width. 
See line 13 A. 


Not in good contact. 


Clean commutator of oil and grit. See that brushes 
touch. 
Adjust tension screws and springs to secure light, 


firm and even contact. See line 38 B. 


Rough; worn in 
grooves or ridges; 
out of round. 


A. 


Grind with fine sandpaper on curved block, and 
polish with crocus cloth. 
form. 

If too bad to grind down turn off true in a lathe or 
preferably in its own bearings, with a light tool and 
rest, a light cut; running slowly. Note—Armature 
should have {6 to }4-in. end motion when running, 


to wear commutator evenly and smoothly. See 
line 31. 


Never use emery in any 


High bars. 


Set "high bar’? down carefully with mallet or block 
of wood, then clamp tightly end nuts, or file, grind 


or turn true. A high bar may cause singing. 
line 38. 


See 


Low bars. 


Grind or turn commutator true to the surface of the 
low bars. 


Weak magnetic field. 


© bo 


. Broken circuit 


on 


pice 


@ 


} in Rela Gols ae if external. 
Short-circuit Rewind if internal. 
Machine not properly wound, or without proper 
amount of iron—no remedy but to rebuild it. 
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160. Direct-current Generator and Motor Troubles. (From Macuinery, 
by special permission)—Continued 


Sparking at the brushes 


Excessive current in armature 


Armature faults 


circuit, treat as such, see 12. Each coil should test 
complete without cross and no ground. 


Excessive load. A. Reduce number of lamps and load. 11 
Ground and leak | B. Test out, locate, and repair. 
from short-cir- 
5} cuit on line. 
2 
4§| Dead short-cir- | C. Note.—Dead short-circuit will or should blow safety 
3 cuit on line. fuse. Shut down, locate fault and repair before 
starting again, and put in a new fuse. 
Excessive voltage.| D. Use proper current only, and with proper rheostat 
and controller and switch. 
Excessive am-| H#. See that controller, etc., are suitable with ample 
peres on con- resistance. 
stant-current 
Ty McIneUlt. 
xs 
- Friction. F. Reduce load on motor to its rated capacity or less. 
See 3 B and 35, 36. 
Too great load | G. See that there is no undue friction or mechanical re- 
on pulley. sistance anywhere. 
Short-circuited coils.| A. Remove copper dust, solder or other metallic contact|12 
between commutator bars. 

B. See that clamping rings are perfectly free, and in- 
sulated from commutator bars; no copper dust, car- 
bonized oil, etc., to cause an electrical leak. 

C. Test for cross connection or short-circuit, and if such 
is found rewind armature to correct. 

D. See that brush holders are perfectly insulated. No 
copper dust, carbon dust, oil or dust, to cause an 
electrical leak. See 1, 2, 60. 

Broken coils. A. Bridge the break temporarily by staggering the |13 
brushes, until machine can be shut down (to save 
bad sparking) and then repair. 

B. Shut down machine if possible, and repair loose or 
broken connection to commutator bar. 

C. If coil is broken inside, rewinding is the only sure 
remedy. May be temporarily repaired by connect- 
ing to next coil, across mica. 

D. Solder commutator lugs together, or put in a 
“Jumper,” and cut out, and leave open the broken 
coil. Be careful not to short-circuit a good coil in 
doing this. See 12. 

Cross connections. Cross connections may have same effect as short- |14 
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161. Direct-current Generator and Motor Troubles. 


by special permission )—Continued 


ee ee SS 


Overloaded. 


Overload. Too many amperes, lights, or too much 
power being taken from machine. See 11, 12, 13, 14. 


Short-circuit. 


Short-circuited. Generally dirt, etc., at commu- 
tator bars. See 11, 12, 13, 14. 


Broken circuit. 


Broken circuit. Often caused by a loose or broken 
band. See 11, 12, 13, 14. 


Cross connection, 


Cross connection. Often caused by a loose coil 


abrading on another coil or core. See 11, 12, 13, 14. 


Armature 


Moisture in coils. 


Eddy currents in core. 


Dry out by gentle heat. May be done by sending a 
small current through, or causing machine to gener- 
ate a small current itself, by running slowly. 


Iron of armature hotter than coils after a run. 
Faulty construction. Core should be made of finely 
laminated insulated sheets. No remedy but to 
rebuild. 


Friction. 


Excessive Shunt. 
current. 


Heating of parts 


Series. 


Field coils 


Eddy currents. 


Hot boxes or journals may affect armature. See 23, 
33 below. 


. Decrease voltage at terminals by reducing speed. 


Increase field resistance by winding on more wire, 
finer wire, or putting resistance in series with fields. 


Decrease current through fields by shunt, removing 


some of field winding or rewind with coarser wire. 


Note.—Excessive current may be from a short-circuit 
or from moisture in coils, causing a leakage. See 
10, 24. 


Pole pieces hotter than coils after short run, due to 
faulty construction, or fluctuating current; if latter, 
regulate, and steady current. 


Moisture in coils. 


Coils show less than normal resistance, may cause 
short-circuit or body contact to iron of dynamo. 
Dry outasin19. See also 22 note. 


Not sufficient or poor 
oil. 


Bearings 


. See that plenty of good mineral oil, filtered clean, and 


free from grit, feeds; but be careful that it does not 
get on commutator or brush holder. See 12. 
Cylinder oil or vaseline may be used if necessary to 
complete run, mixed with sulphur or white lead, or 
hydrate of potash. Then clean up and put in good 
order, 
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162. Direct-current Generator and Motor Troubles—Continued 


Heating of parts 


Bearings 


Dirt or grit in bear- 
ings. 


A, Wash out grit with oil while running, then clean up |26 


and putinorder. Be careful about flooding commu- 
tator and brush holder. 

Remove caps and clean and polish journals and 
bearings perfectly, then replace. See that all parts 
are free and lubricate well. 

When shut down, if hot, then remove bearings and 
let them cool naturally, then clean, scrape and polish, 
assemble; see that all parts are free and lubricate well. 


Smooth and polish in a lathe, removing all burrs, 
scratches, tool marks, etc., and rebabbitt old boxes 
and fit new ones. 


Slacken cap bolts, put in liners and retighten till 
run is over, then scrape, ream, etc., as may be needed, 
bend or turn true in lathe or grinder. 

Possibly a new box or shaft will be needed. 


Loosen bearing bolts, line up and block, until arma- 
ture is in center of pole pieces, ream out dowel and 
bolt holes and secure in new position. 


. See that foundation is level and armature has free 


end motion. 

If there is no end motion, file or turn ends of boxes 
or shoulders on shaft to provide end motion. 
Then line up shaft and belt, so that there is no 
end thrust on shaft, but that the armature plays 
freely endways when running. 


B. 
Cc. 
Rough journals’ or 
bearings. 
Journals too tight in 
bearings; bent shaft. 
Bearings out of line. 
End pressure of pul- | A 
ley hub or shaft 
collars. B. 
C: 
Belt too tight. A, 
B. 
Armature out of | A. 
center of pole pieces. 
‘Be 
CG: 
De 


Reduce load so that belt may be loosened and yet 
not slip. Avoid vertical belts if possible. 

Choose larger pulleys, wider and longer belts with 
slack side ontop. Vibrating and flapping belts cause 
winking lamps. 


Bearings may be worn out and need replacing, throw- 
ing armature out of center. See 36. 

Center armature in polar space, and adjust bearings 
to suit. See 30. 

File out polar space to give equal space all round. 
Spring pole away from armature; this may be diffi- 
cult or impossible in large machines. 
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163. Direct-current Generator and Motor Troubles—Continued 


[Arr. 163 


a nn 


Noises 


Speed 


Runs too fast 


Armature or pulley 
out of balance. 


Armature strikes or 
rubs pole pieces. 


Faulty construction, armature and pulley should 
have been balanced when made. May be helped by 
balancing on knife edges now. 


Bend or press down any projecting wires, and secure 
with tie bands. 

File out pole pieces where armature strikes. 
SU GEE 


Collars or shoulders 
on shaft strike or 
rub box. 


Loose bolt connection 
or screws. 


Bearings may be loose or worn out. 
bearings are needed. See 30, 31. 


Perhaps new 


See 


34 


36 


See that all bolts and screws are tight, and examine 
daily to keep them so. 


Brushes sing or hiss. 


37 


. Apply stearic acid (adamantine) candle, vaseline, or 


cylinder oil to commutator and wipe off; only a 
trace should be applied. 
Move brushes in and out of holder to get a firm, 


smooth, gentle-pressure, free from hum or buzz. 
See 3, 6, 7, 8, 9, 31. 


Flapping of belt. 


38 


Use an endless belt if possible, if a laced belt must be |¢ 


used, have square ends neatly laced. 


Slipping of belt from 
overload. 


Tighten belt or reduce load. See 32. 


Humming of arma- 
ture lugs or teeth. 


Slope end of pole piece so that armature does not 
pass edges all at once. 

Decrease magnetism of field, or increase magnetic 
capacity of tooth. 


Engine fails to regu- 


Adjust governor of engine to regulate properly, from 
no-load to full-load, or get a better engine. 


late with varying 
load. 

Series motor, too 
much current, and 
runs away. 


Series motor on constant current—(1) Put in a shunt 
and regulate to proper current; (2) use regulator or 
governor to control magnetism of field for varying 
load. 

Series motor on constant potential—(1) Insert resist- 
ance and reduce current; (2) use a proper regulator or 
controlling switch; (3) change to automatic speed- 
regulating motor. 


42 


43 
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164. Direct-current Generator and Motor Troubles—Continued 
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armature, 


Field rheo- A, Adjust field rheostat to control motor. 44 
al]. | stat not 
3 | 3° 
= oe properly set. 
ie) § | Not proper Use current of proper voltage and no other, with a 
~ 2 | current. proper rheostat. 
“3 3 = Motor not Get a better motor, one properly designed for the 
a | be properly work. 
proportioned. 
Runs | See note below 45, same as 42; 46, see 11 A; 47, short-circuit in arma- 
too table. ture, see 12; 48, rubbing armature, see 35; 49, fric- 
slow tion, see 3 B; 50, weak magnetic field, see 10. 
Great overload. Open switch, find and repair trouble. Keep switch |51 
See 11 F and open and rheostat “‘off” to see if everything is right. 
G. 
Excessive fric- Shunt motor on constant potential circuit, fuse may |52 
tion. See 25, blow or armature burn out. 
Bonoos 
Fuse melted] A. Find and repair trouble after opening switch, then |53 
or switch put infuse. See 11 C. 
i open. 
$ a| Broken wire Open switch, find and repair trouble. See 13. 
re) 8 or connec+ 
|_| tion. 
&)°3! Brushes not Open switch and adjust. See 5. 
u | o Cy 
iS} 0|.&] in contact. 
S 5 O! Current fails) D. Open switch and return starting box lever to off posi- 
a vA or is shut tion, wait for current. 
off at sta- 
tion. 
Short-circuit of Test for and repair if possible. Examine insulation |54 
field. of binding posts and brush holders. 
Short-circuit of Poor insulation, dirt, oil, and copper, or carbon dust |56 
armature. often result in a short-circuif. 
Short-circuit of 
switch. 
Runs backward. Connect up correctly per diagram; if no diagram is |57 
Wrong connec- at hand, reverse connections to brushes or others 
tions. until direction of rotation is satisfactory. 
Note from Line 50.—45, Engine fails to regulate. 46, Overload. 47, Short-circuit in 


48, Striking or rubbing of armature. 49, Friction. 50, Weak magnetic field 
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Dynamo or generator 
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165. Direct-current Generator and Motor Troubles—Continued 
—_—_ or 


[ArT. 165 


Reversed current | A. Use current from another machine or a battery |58 
S| through field coils. through field in proper direction to correct fault. 
3 Test polarity with a compass. 
FI Reversed connec- | B. If connections or winding are not known, try one 
s tions. way and test; if not correct reverse connections, try 
5 again and test. 
§ | Earth’s magnetism.| C. Connect up per diagram for desired rotation, see 
3 that connections to shunt and series coils are 
y properly made. See 57. 
3 | Proximity of an-| D. Shift brushes until they operate better. See 1, 2, 3. 
B other dynamo. 3 
5 | Brushes not in right 
al position. See 1, 
2, 3. 
Too weak residual mag- Same as 58 A. 59 
netism. 
Short-circuit in machine. See 12, 54, 56. 60 
Short-circuit in external A lamp socket, etc., may be short-circuited or |61 
circuit. grounded, and prevent building up shunt or com- 
pound machines. Find and remedy before closing 
switch. See 54, 56. 
Field coils opposed to Reverse connections of one of field coils and test. |62 
each other. Find polarity with compass; if necessary try 58 A, 
'C,D. If necessary reverse connections and recharge 
in opposite directions. 
Broken wire. A. Search out and repair. See 13. 63 
Faulty connections. | B. Search out and repair. See 37. 
3 Brushes not in| C. Search out and repair. See 5. . 
fe contact. 
= Safety fuses melted | D. Search out and repair. See 53 A. 
a or broken. : 
© | Switch open. E. Search out and repair. See 53 D. 
External circuit | 7, Search out and repair with dynamo switch open 
open. until repairs are completed. 
Too great load on Reduce load to pilot lamp on shunt and incandescent |64 
dynamo. machines; after voltage is obtained close switches 
in succession slowly, and regulate voltage. Sce 11 
A and 65. 
Too great resistance in Bring up to voltage gradually with rheostat, and |65 


field rheostat. 


watch pilot lamp; regulate carefully. 


side of, the brush the current 
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166. Process of Commutation.—The path of the current is 
as shown in Fig. 118, wherein A is the carbon brush; C, 0’, 0” 
are the commutator segments; B, B’, B” are the windings of 
the armature. At the position shown, coil B is  short-cir- 
cuited by the brush, the current passing into the face of 
the brush and out again as shown by the dotted line. This 
local current may be many times greater than the normal in- 
tensity and is the one which causes pitting. With perfect 
commutation, with no sparking or glowing, there should 


_ be created in the short-circuited coil under the brush, by 


virtue of the flux from that pole-tip away from which the 
armature is revolving, an electromotive force. This should 
be just great enough to reverse the current within the short- 
circuited coil and render it 


a Carbon Brush 
equal to the current in the a x 


a one F Commutator KS Patho 
winding proper. Since on one Bars...., N NN "Short Gicutted 


Current 


is in one direction and on the 
other side in the other direc- seco 
tion, the act of commutation B" 
beneath the brush reverses this 1c. 118.—Armature coil short- 
burrent and permits it to in- circuited when commutating. 


crease to the correct intensity in the opposite direction. 


167. With Copper Brushes This Reversal of Current 
Must be Very Accurately Effected.—With carbon brushes 
there is a much smaller tendency to spark, hence they will 
permit of a certain inexactness of commutation adjustment. 
Experiments indicate that the carbon can resist as much 
as a 3-volt pressure creating current in the wrong direction 
and still not spark or glow. This is the property which has 
necessitated the use of carbon brushes instead of copper on 
most apparatus. When, however, this voltage, induced in 
the wrong direction, rises above 3 volts during the passage 
of the armature coil underneath the brush, trouble from 
sparking and glowing occurs. 

This is the reason that, in a motor, the brushes are pulled 
backward as far as possible at no-load, so that the coil 
short-circuited by the brush may enter the fringe or flux 

8 
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from the pole-tip, thus creating the proper reversal of current 
during the time the coil is passing under the brush. Since 
adjacent poles are opposite in polarity, only one can provide 
the proper flux direction for this reversal. In a motor it is 
always the pole behind the brush and thus the brush requires 
a backward lead. In a generator it is the pole ahead of the 
brush in the direction of rotation. Hence, generators require 
a forward lead. 

168. If the Motor Gives Trouble from Glowing and Pitting, 
the cause is probably this induced current, and the remedy is, 
first, to insure that the lead of the brushes brings them in the 
most satisfactory position. If no lead or brush position can 
be found which will eliminate the trouble, the width of the 
brush must be changed. The wider the brush the longer does 
the coil suffer short-circuit, as described. Conversely the 
narrower the brush, the quicker must the current be reversed. 
There is, therefore, a width of brush which best satisfies 
both conditions. Usually, however, where glowing occurs, 
the cause is too wide a brush, and often serious trouble from 
this cause can be entirely eliminated by varying the width of 
the brush perhaps only 1< in.; see Art. 196 on ‘‘ Glowing.” 
Sparking may be due to an open armature circuit; see Art. 
200 for a description of the symptoms and the remedy. 

169. Sparking Due to Rough Commutator.—The commu- 
tator surface may not be perfectly smooth after receiving its 
last ‘turn off.” The work may have been poorly done by 
the manufacturer, with the result that the commutator surface, 
instead of being smooth, is somewhat rough. The result 
(especially with high-speed commutators) is that the brush 
does not make good contact with the commutator surface. 
It may chatter and thus with many motors (especially those 
of high voltage) the operation will be attended with sparking. 
As aresult, the commutator surface, instead of becoming 
bright and smooth with time, becomes rough and dull or raw 
in appearance. Under these conditions the brushes do not 
make good contact, and, hence, the heat generated, even under 
proper commutator conditions, owing to the resistance of brush 
contact, is multiplied several times, with consequent increase 
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of temperature of the commutator. In addition, the friction 
of brush contact (which should give a coefficient of 0.2) is, 
with a rough commutator, much higher than it should be. 
which tends to increase the temperature. 

170. Heating of Commutator* may develop from any of the 
following causes; (a) Overload; (6) sparking at the brushes; (c) 
too high brush pressure; (d) lack of lubrication on commutator. 

171. Hot Commutator.—All this (see above) trouble is 
cumulative. The result is that finally the temperature will 
rise to a degree where the solder in the commutator will melt, 
perhaps short-circuiting or open-circuiting the winding. A 
commutator will stand very slight sparking, but where it is 
noticeable and where it is continued for long periods of time, 


ee commutator 


Dar 
Pec Hs 


Sea 3 Rng? 
Ring 


®. commutator 


Fia. 119.—Section of direct-current motor armature. 


trouble is liable to result. Where the load is usually very light 
and where full-load or overload are infrequent, a smoothing 
of the commutator automatically occurs during the light-load 
period. ‘This is the reason that certain railway motors, which 
sometimes show sparking under their normal hour rating load, 
give satisfaction as to commutation. The coasting of the car 
smooths up the imperceptible damage done by the sparking 
during the heavy load. 

172. Loose Commutator Segments.—A further and more 
serious cause of sparking and commutator trouble is due to the 
fact that the commutator may not be ‘‘settled’’ when shipped 
by the manufacturer. A commutator is made of many parts 
(Fig. 119), insulated one from another, and all bound together 
by mechanical clamping arrangements. The segments them- 
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selves are held by a clamp-ring on each end, which must be 
insulated from them and which should hold each segment in- 
dividually from any movement relative to another. Since the 
clamp must touch and hold down all segments, a failure to do 
so in any case results in a loose bar, which moves relatively 
to the next bar and causes roughness and thus sparking, with 
all its attendant accumulative troubles. The roughness of 
commutators due to poor turning or to poor design is shown 
uniformly over all the surface of the commutator on which 
brushes rest. A roughness due to a high or loose bar is shown 
by local trouble near the bad bar and its corresponding bars 
around the commutator. The jump of the brush occurs at 
the high bar and is the cause of the sparking. See also Arts. 
174 and 178. | 

173. Blackening of the Commutator —Sparking due to a 
loose or high bar causes a local blackening instead of a uniform 
blackening, which occurs in case of poor design or poor com- 
mutator surface resulting from poor turning. Also,if the speed 
of the commutator is low enough, there will be a spark at the 
time the bad segment passes the brush. At ordinary speeds, 
or where there are several loose bars, the sparking in appear- 
ance will not be different from that due to poor design or poor 
turning. In such a case an examination of the commutator 
surface must be made to identify the cause. The slightest 
movement of a bar, especially with the higher-voltage and 
high-commutator-speed machines, may cause the trouble. A 
splendidly designed motor may show very poor operation, due 
to a commutator fault. 

174, Correcting Commutator Roughness.—The proper way 
to correct the rough surface of a commutator will be deter- 
mined by the condition of the commutator. Where the com- 
mutator is very rough or eccentric the armature should be 
taken out of the machine and the commutator turned to a 
true cylindrical surface in a lathe. Where the commutator is 
only reasonably rough it may be trued by filing, using an ar- 
rangement similar to that in Fig. 120, which is described in 
detail in a following paragraph. Where the roughness is due 
to poor turning or to ordinary operation, it may then be 
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smoothed with a piece of ordinary grindstone (Fig. 121). Sand- 
paper held on a block of wood (Fig. 122) which has been cut 


NOK 
¢ of Brush---> |*~¢ of Shaft 


Filing Plane 


“Slotted Hole for 
Adjustment to Suit 
Commutator 


T-Angle Iron rae ad 
Guide I-Filing Commutator Il-Use of Brush-Setting Gage. 


Fig. 120.—Equipment for filing commutators and fitting brushes. 


(Powmr, Aug. 29, 1916, p. 316.) 


to fit the cylindrical surface of the commutator may also be 
used for this purpose but it is 
not, apparently, as effective as 
the grindstone. 

175. To Smooth a Commuta- 
tor with a Piece of Grindstone 
(Fig. 121) it should be cut to pee ee 
convenient size and held by the ii 
hand against the commutator. 

f possible, it should be rounded 


|, .--Slot for Insertion of 
ae Sanalpoper--- >= 


Sanajpaper--" 


T-Type “B” Block 


-Plece of Grindstone ° 


Commu- go Binding 


Shatt 
=— Direction of --- 
Armature Coils Rotation ef Commute 
Fira, 121.—Smoothing commutator Fie. 122.—Sandpapering blocks 
with grindstone.’ — of two different types. 


out to the shape of the commutator, though the rounding is 
not absolutely necessary except when the surface is exceed- 
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ingly irregular. A.commutator can thus be ground on low- 
voltage machines without removing the brushes from the 
commutator and during the ordinary operation of the motor 
under load. When sparking is due to poor turning, grinding 
causes the sparking to entirely disappear. This is also a good 
method of cleaning the surface of brushes which have become 
coated with copper from the use of sandpaper in fitting them 
to the commutator surface. 

176. Some Kinds of Sandpaper if used to give a brush 
surface or to smooth a commutator with the brushes down, 
imbed in the face of the brush hard material which lodges 
there, cutting the commutator and thus collecting about 
itself copper from the commutator. An examination of the 
face of the brush after running a time will show these col- 
lections either in spots or all over the face of the brush. 
The sandstone, used as suggested, removes all this. 

177. Where Roughness or Sparking are Due to a Loose 
Bar, Grinding Will Do No Good.—Then a different process 
for correction must be used. It consists first in tightening 
the clamp-rings which hold down the segments so that they 
touch and hold, each one preventing any relative move- 
ments of the bars. After this has been done, produce a 
smooth commutator surface by turning if the bar is much 
displaced, or by filing or grinding if it is but slightly dis- 
placed. 

178. In Truing a Commutator with a File (Fig. 120) a gage 
or rest of some sort should be employed to insure that the com- 
mutator will be improved rather than injured by the filing 
process. The file rest should be bolted securely to the 
bearing or to some part of the frame of the machine. The 
two planes of the rest which project over the commutator 
should lie exactly parallel to it. Then the armature is 
rotated at normal speed and a flat smooth file is carefully 
pushed over the planes. It will cut aiay the metal of the 
planes and also that of the commutator. Chalk should 
be used on the file to prevent it from tearing the copper 
and the file should be cleaned frequently. At intervals, 
place a steel straight edge along the commutator surface 
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parallel to the shaft to check the work as it proceeds. 
After filing, the commutator surface should be finished 
with very fine sandpaper or preferably with a piece of 
grindstone (Fig. 121) as described above. A file rest of a 
type having adjustable filing-surface plates and arranged 
for bolting to the pedestal bearing of a machine is illustrated 
in Fig, 123. 

179. To Correct Loose-commutator Troubles.—First, force 
the clamps of the commutator down firm, so that when the 
commutator is at normal temperature the clamping rings 
cannot be screwed down further without excessive effort. 
This is necessary so that all the bars may have a direct 
pressure fromthe clamp, rendering any movement, up or 
down, impossible. Second, after having drawn the clamps 
down, smooth off the surface of 
the commutator, using one of 
the processes described above. a 

179a. To Get the Clamps Rourat eae 
Down Firm run the machine ~ 
under load; if roughness ap- 
BEAT) anut ye ate Cone Fic. 123.—Showing how a file 
time, and, while hot, tighten yest may be easily constructed. 
the clamping rings. If it is 
found that the tightening bolts can be screwed up somewhat, 
the machine should again be put in service for at least four 
hours at the end of which time shut it down again and again 
tighten the bolts. If, now, no more slack can be taken up 
on tightening bolts, the commutator should be surfaced, either 
by turning with a tool or by grinding. 

180. The Slotting of Commutators.*—There seems to be 
a prevalent idea that slotting should cure all commutator 
troubles, irrespective of their causes. This is not true, 
but slotting is a cure for certain specific troubles. Where 
the peripheral speed of the commutator is so slow that the 
dirt which may collect in the slots between commutator bars 
will not be thrown out by centrifugal force, slotting may 


as ae => Flat-Head Adjusting Screws 
: *--Renewarble Filing Plate , 


Slots for 


Strap Iron Bar+<-* f é 
¥ Supporting Bolts; 
Cd 


* Alan Bennett, AMERICAN Macuarnist, Sept. 26, 1912. 
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aggravate rather than correct commutation difficulties. See 
also Art. 186. 

181. The Principal Reason for Slotting Commutators is 
to relieve the commutators of high mica, that is, mica that 
projects above the surface. High mica is generally due to 
one of two causes: either the mica is too hard and does not 
wear down at an equal rate with the copper, or the com- 
mutator does not hold the mica securely between the 
segments, allowing it to work out by the combined action 
of centrifugal force and the heating and cooling of the com- 
mutator. It is evident that a commutator with a surface 
made irregular by projecting mica rotating at high speed 
under a brush, must impart to the brush a vibratory move- 
ment, and thus impair the close contact that should exist 
between the brush and commutator. The result is that 
sparking takes place more or less violently, depending on 
the condition of the commutator surface and the rate of 
speed. This condition generally manifests itself after the 
machine has been running for some time, and in many cases 
will account for the development of sparking which did not 
occur at the time of installation. Often a case of this kind 
is aggravated by increasing the brush tension, causing a still 
faster rate of wear of copper over mica, with an attendant in- 
creased heating of the commutator. , 

182. What is Accomplished by Slotting.—A harder brush 
may at times be used, with the idea of grinding off the mica 
and thus bringing it down tothe commutator surface. Instead 
of curing the trouble, the commutator will, in the majority of 
cases, assume the raw appearance of being freshly sand- 
papered, instead of the glossy surface it should have, and 
both brush and commutator will wear.rapidly. This con- 
dition can be restored to normal and the commutator kept 
to a true surface by slotting, after which, with proper care 
and the use of proper brushes, commutator troubles will 
generally cease, provided the electrical design of the machine 
is not at fault. Even then there are cases that may be 
benefited to a certain. extent by slotting, by reason of the 
good brush contact obtained. The majority of cases that 
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show improvement are the ones in which the trouble is not 
inherent in the design of the machine, but is due to mechanical 
causes. 

183. With a Slotted Commutator It is Possible to Use a 
Brush of Fine Grain and Soft Texture, inasmuch as there is 
not the same tendency to wear away the brush as with an 
unslotted commutator. The commutator should then take 
on the much-desired polish that is generally not attainable 
with the harder brush. The life of both brush and com- 
mutator will be increased, and friction and the consequent 
heating will be reduced. These advantages will effect a 
saving that will more than offset the cost of slotting. 

184. Various Methods of Slotting.—There is a variety of 
slotting devices on the market. Some are designed to operate 
with the armature swung between the centers of a lathe; 
others use a special tool in a shaper, with the armature 
secured to its bed. Still others are used by hand with the 


-armature resting on blocks. In all cases the full width of the 


mica should be removed, and the resulting slot carefully 
cleaned from burrs and rough edges. It is not necessary that 
the slotting be carried deeply in the commutator. One- 
sixteenth of an inch is generally considered sufficient. See 
also Art. 186. 

185. A Slotted Commutator Should Have Proper and Fre- 
quent Care, as there is a chance of small particles of copper 
being dragged across from bar to bar, and for dirt, oil and 
carbon dust to accumulate in the slots and short-circuit the 
commutator. 

186. High Mica in Commutators.—Some direct-current 
generators and motors, under certain conditions, roughen 
up their commutators after a short term of service, although 
there seems to be no excessive sparking under or at the 
edges of the brushes. This may occur even though the 
commutator has been well “settled.” The commutator 
performs as if the mica, used between bars to insulate the 
various segments one from another, had protruded upward, 
causing roughness and excessive sparking. 
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187. Actual Raising of the Mica is a Very Rare Occur- 
rence, and, if it occurs, does so at certain spots and is 
easily and positively identified. An actual uniform pro- 
truding of mica, all over a commutator, as described, is 
practically an unknown phenomenon. What actually does 
occur is an eating away of the copper surface of the com- 
mutator, leaving the high mica between the bars. A good 
machine will not spark enough to cause this condition. A 
poor machine will. 

188. The Phenomenon of High Mica is Easily Identified, 
as the commutator surface appears ‘‘raw”’ all over instead 
of smooth and bright with a good brown gloss. If allowed 
to continue, a general roughness appears, accompanied by 
sparking, until finally the sparking and heating will increase 
so much that the machine may flash over from brush to 
brush, blowing the fuses or opening the circuit-breakers. 
The trouble is aggravated if the motor operates continuously 
under heavy load. If there are periods of light load, the 
commutator has an opportunity to be smoothed down by 
the brushes. This condition is appreciated by railway motor 
designers. A railway motor coasts a considerable portion 
of the time. Thus the commutator is smoothed, neutral- 
izing the roughening occurring under load. 

189. To Remedy a Roughened, High-mica Commutator. 
—(1) Use the machine on work where the load is some- 
what intermittent; (2) replace it altogether; or (3) slot the 
commutator. Then, as there are no longer two different 
materials to wear down or to be worn away by sparking, an 
unequal surface will not result. The mica need be cut 
down only }¥¢ in. and a narrow, sharp chisel will do the 
work satisfactorily. No trouble will result from  short- 
circuiting in this case (if the rotational speed of the machine 
is sufficiently great) since centrifugal force keeps the slots 
clean, Some manufacturers ship their machines with the 
commutators slotted. 

190. Brushes, Their Adjustment and Care.*—The position 
of the brushes on a direct-current machine should be on or 
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near the no-load neutral point of the commutator. This 
neutral point on most standard, non-commutating-pole ma- 
chines is in line with the center of the pole and the brushes 
should be set a little in advance of this neutral point. The 
brushes of non-commutating-pole generators should be given 
a slight “forward lead” in the direction of rotation of the 
armature. Motor brushes should be set somewhat back of 
the neutral point, the “backward lead” in this case being 
approximately equal to the forward lead on generators. The 
exact position in either case is that which gives the best 
commutation at normal voltage 
for allloads. In no case should 
the brushes be set far enough 
from the neutral point to cause 
dangerous sparking at no-load. 


Brush 
Brush Holder 


Sanalpaper 


| 
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Fig. 124.—Showing how the Fria, 125.—Sandpapering 
sandpaper should be held close to brushes. 
the commutator when sandpaper- 
ing brushes. 


191. The Ends of All Brushes Should be Fitted to the 
Commutator so that they make good contact over their en- 
tire bearing faces. This can be most easily accomplished 
after the brush holders have been adjusted and the brushes 
inserted. Lift a set of brushes sufficiently to permit a sheet 
of sandpaper to be inserted. Draw the sandpaper under the 
brushes (Figs. 124 and 125) being careful to keep the ends of 
the paper as close to the commutator surface as possible to 
avoid rounding the edges of the brushes. The sandpaper 
should be pulled under the brushes only in the direction 
of rotation of the commutator because, since brushes always 
fit loosely in their holders, accurate fitting is otherwise impos- 
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sible. When pulling the strip of sandpaper back to the start- 
ing position the brush should be raised in its holder so that it 
does not then touch the sandpaper. Each set of brushes 
should be similarly treated in turn. Ifthe brushes are copper- 
plated, their edges should be slightly beveled, so that the 
copper does not contact with the commutator. 

192. A Carbon Brush Should Exert a Pressure of about 
114 lb. per sq. in. on the commutator. The pressure in 
any case may be determined by 
using a spring balance as sug- 
gested in Fig. 126. Then, the 
tension of the spring should be 
adjusted so that: Total pressure 
paren soem in pounds + brush contact area 
in square inches = 14%. The 
brush pressure is the reading, in 
pounds, of the spring balance 
when the tension exerted is just 
Ly fer, sufficient to raise the brush 

from the surface of. the commu- 
tator. 

193. Brush Contact Resist- 
ance.— If adjustment of brush 
position gives no relief, the fit 
of the brush upon the commu- 

Joa tator may be poor. Any re- 

Fic. 126.—Method of deter- SiStance in series with a motor 
mining pounds brush pressure armature causes a drop in speed 
pai e siring palace: as the load comes on, the drop 
increasing almost directly in proportion to the armature- 
circuit resistance (see Art. 58). 

The resistance of surface contact of a carbon brush is a 
formidable factor, particularly with low-voltage and high-cur- 
rent machines. This contact resistance is, at ordinary brush 
densities, about 0.028 ohm per sq. in. The specific resistance 
of carbon itself is 0.002 ohm. Hence, for ordinary carbon, the 
contact resistance only is of consequence. The resistance of 
the carbon is negligible. 


Clampli Tension- 
ite He Adjusting 
; Screw. 
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Exampie.—An ordinary carbon brush operates at a current density 
of 35 amp. per sq. in. Then Assuming a machine having one brush of 
1 sq. in. cross-section for each polarity the brush contact voltage drop 
for the machine is 2 X 35 X 0.028 = 1.96 volts. The specific resistance 
is 0.002 ohm, giving a voltage drop through the carbon itself, assuming 
a length of brush of 1) in., of 0.21 volt, which is negligible as compared 
with the drop of 2 volts due to surface contact. 


194. The Drop in Voltage Due to Contact Resistance is 
Greatly Increased if the Fit of the Brushes or the Commutator 
is Poor, which may be due either to the cutting of grooves in 
its face by the use of coarse sandpaper, or to a part of the 
carbon not touching the commutator. Hence, when the drop 
of speed is excessive, this condition should be carefully in- 
spected. Finally, the spacing of the brushes must be checked. 
Unequal spacing may not only produce a large drop in speed, 
but will reduce the efficiency and life of both brushes and 
commutator. 

195. Sparking of the Brushes may be due to one of the 
following causes* (see also Dynamo-troubles Table): (a) The 
machine may be overloaded; (6) the brushes may not be set 
exactly at the point of commutation—a position can always 
be found where there is no perceptible sparking, and at this 
point the brushes should be set and secured; (c) the brushes 
may be wedged in the holders; (d) the brushes may not be 
fitted to the circumference of the commutator; (e) the brushes 
may not bear on the commutator with sufficient pressure; (f) 
the brushes may be burnt on the ends; (g) the commutator 
may be rough; if so, it should be smoothed off; (h) a com- 
mutator bar may be loose or may project above the others; 
(<) the commutator may be dirty, oily or worn out; (j) the 
carbon in the brushes may be unsuitable; (&) the brushes may 
not be equally spaced around the periphery of the commuta- 
tor; (1) some brushes may have extra pressure and may be 
taking more than their share of the current; (m) high mica; 
(n) vibration of the brushes. The above are the more com- 
mon causes, but sparking may be due to an open circuit or 
loose connection in the armature (see Art. 200). 


* WesTINGHousr INSTRUCTION BOOK, 
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196. Glowing and Pitting of Carbon Brushes may be due to 
either of two causes, poor design or a wrong position of the 
brushes on the commutator. The error of design may be only 
in the choice of width of carbon brush used. The pitting is 
due to glowing. If the glowing is at the edge of the carbon it 
is plainly visible and easily located. It may, however, occur 
underneath the carbon so that it can be seen only with diffi- 
culty. Such glowing pits the carbon face by heat disintegra- 
tion. With some machines three-fourths of the brush face 
may be eaten away and the pits may be, perhaps, 14 in. to 14 
in. deep when discovered. A usual (incorrect) decision is that 
the current per square inch of contact is too great, the calcu- 
lation being made by dividing the line amperes by the square 
inch cross-section of either the positive or the negative brushes. 
If this calculation gives a value under 45 or 50, it is certain 
that the cause of the trouble has not. been judged correctly. 

197. The Real Cause of Glowing is, to be sure, excessive 
current through the brush, but this is not the line current if 
the calculation, as stated, shows a brush-face density below 
50 amp. per sq. in. It isa local current caused by the short- 
circuiting of two or more segments of the commutator by the 
brush resting upon them. The usual overlap of a carbon brush 
is about two segments, and while these two segments are 
under the brush, the armature coils connected to them are 
short-circuited. If the design of the machine is such that the 
coil so short-circuited encloses stray flux from the pole-tip, 
this flux will create in the short-circuited coil a current, per- 
haps many times larger than the brush is capable of carrying, 
with the result that the glowing and pitting occurs. 

198. Blow Holes in Machine Frame Castings Sometimes 
Cause Sparking.—Such blow holes, Fig. 127, may be large 
enough to increase the reluctance of the magnetic circuit suf- 
ficiently that the field intensity in the air gap is not sufficient 
to eliminate sparking. It has been proposed* to use X-ray 
apparatus to locate blow holes in electrical machine castings 
when the indications are that high reluctance in the magnetic 
circuit is the cause of brush difficulties. 


* ELectricat WorLD, May 1, 1915, p. 1122. 
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199. Chattering of Brushes is sometimes experienced on 
direct-current machines. Chattering under certain conditions 
may become so prominent as to not only be of annoyance, but 
as to actually break the carbons. An examination of the com- 
mutator will reveal no rough- 
ness, the surface being, perhaps, 
perfectly smooth and_ bright. 
This trouble occurs principally 
with the type of brush holder 
which has a box guide for the car- 
bon. The spring which forces 
the brush into contact rests 
on top of the carbon which has 
fairly free play in the box guide. 
Chattering usually occurs with 
high-speed commutators, run- | Fic. 127.—Showing “blow 
mi aeeat.4.000r to: 5,000. ft. per Deis in 8 directement mas 
min., peripheral speed. 

Such brush holders are necessary for commutators which, 
like those on engine-driven machines, may run out of true on 
account of the shaft play in the bearings caused by the recip- 
rocating motion of the engine. The clamped type of holder 
is usually free from bad chattering but rocks on a commuta- 


32% or over U0 
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Fic. 128.—Methods of setting brushes. 


tor that runs out, causing poor contact and perhaps sparking. 
Lubricating the commutator causes the chattering to imme- 
diately disappear, but there is no commutator compound 
which gives a lubricating effect lasting over possibly a half 
hour. Thus it is not practical to lubricate often enough to 
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prevent the chattering. There will beno chattering if the angle 
of the brush with the radial line, passing through the center of 
the carbon and the center of the commutator, is less than 10 
deg. and if the carbon trails on the commutator instead of 
leads. Fig. 128, J, shows the setting which will stop all serious 
chattering and Fig. 128, IJ and III show settings which may 
give trouble. 

200. Sparking may be Due to an Open Armature Circuit. 
—The “open” may be in the winding of the armature 
proper or it may, and more frequently, be due to a loose or 
broken connection where the armature lead is soldered to a 
commutator bar. (Open circuits in armatures may be 
located by testing methods as described in Art. 213.) Where 
an armature lead is thus broken, the most effective remedy 
is resoldering. If the location of the open circuit is within 


the winding and hence not readily awailable, the commutator . 


bars on each side of the ‘‘open’”’ can, for a temporary repair, 
be shunted by bridging a piece of copper, by soldering or other- 
wise, across the two segments on either side of the break. 

201. The Symptoms of Trouble Due to an Open Armature 
Circuit are vicious sparking when the machine is in operation. 
The sparking due to this defect is unlike that due to any 
other because the resulting spark is ‘‘long”’ and ‘‘heavy”’ and 
frequently appears to extend around the entire circumfer- 
ence of the commutator. A bright spark will occur each 


time the break passes the brush position. It is particularly — 


destructive in its action and shortly ‘‘eats away” the mica 
between the two segments on each side of the open. Thus, 
on a machine which has been in operation, the offending coil 
may be located by the damaged segments to which it con- 
nects. ‘The temporary bridge referred to above should be ar- 
ranged between these two segments and around the ‘‘eaten- 
away”’ mica. 

202. Ring Fire* is the name that has been given to that 
type of sparking where rings of fire embrace the circumference 
of the commutator, wholly or partially encircling it. Ring fire 


* See article, Ring Fire and Flashing” by Gordon Fox, Powrr, March 28, 1916, 
p. 440. 
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may be subivided into two classifications: (1) ordinary ring 
fire which is of a reddish color and which may exist to a 
limited extent with all machines; (2) ring fire caused by arma- 
ture defects, which is a bluish-green color and more intense 
than the ordinary type. Ring fire is ordinarily due to minute 
ares between adjacent commutator bars. The condition may 
be aggravated by conducting materials lodged in or on the 
surface of the mica insulation between bars. Current passing 
through these conducting paths between the bars renders 
the particles incandescent. The fine carbon ground from the 
brushes by the normal operation of the machine or particles of 
copper from a newly turned commutator are the most frequent 
causes of this difficulty. Secondary causes are oil, paraffin 
and commutator compounds which are sometimes used, in 


_ which particles of conducting material may lodge. Further- 


more, oil may carbonize on the mica segments, forming a 
conducting path. Where mica insulation between segments 
has been eaten away in certain isolated locations it is probable 
that the difficulty is due to the carbonizing of oil or some other 
materials above suggested. 

Undercut commutators, particularly those rotating at low 
peripheral speed, are particularly subject to ring fire because 
oils, greases and conducting materials can readily lodge be- 
tween segments due to the undercutting, hence the com- 
mutators of slow-speed machines should be cleaned frequently 
with a stiff brush to prevent the lodgment of foreign materials 
in them. High-peripheral-speed commutators will not, ordi- 
narily, require such treatment, because with them the centrif- 
ugal force developed is usually sufficient to prevent the re- 
tention of the dirt in the slots between segments. In machines 
of certain designs the voltage between the adjacent segments 
under the pole-tips may be great enough to produce ring fire. 
The compensated winding (Art. 37) provides an effective 
correction for this difficulty. Where the mica segments are 
thin, ring fire is more liable to occur. Furthermore, it may be 
encountered more frequently with slow-speed than with high- 
speed machines because with a high-peripheral-speed commu- 
tator the segments do not remain in the zones where the ring 
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fire is developed for a sufficiently long period to permit the 
formation of the minute arcs. 

203. Flashing is that sort of commutator sparking where 
an arc attains considerable length and flashes between brush 
holder studs. It may occur in a normal machine at the in- 
stant when an excessively high e.m.f. is impressed across the 
machine or it may be due to the cumulative effect of a number 
of the causes which promote sparking. Flashing is more liable 
to occur in motors than in generators. 


HOV DC Line 


Leads to 
Instrument. 


I- Connections Il-Exploring Terminal 


Fig. 129.—Circuit and equipment for testing direct-current armatures 
for trouble with direct-current. 


204. Direct-current Armatures can be Tested for the Com- 
mon Troubles with the arrangement of Figs. 129 and 131. 
Terminals b and ¢ are clamped to the commutator at opposite 
sides and connected with a source of steady current through 
an adjustable resistance and, preferably but not necessarily, 
an ammeter. The terminals of a low-reading voltmeter (a 
galvanometer can often be used) are connected to two bare 


I 
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metal points or ‘exploring terminals,’ which are separated 
by an insulating block, 7. Exploring terminals may also be 
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Fic, 130.—A type of easily-made exploring terminals. (The flexible 
cord leads are soldered to the solid copper wires within the tape-wrap- 
ping handle.) 

Fic. 131.—Method of testing an armature. 


arranged as shown in Figs. 129, JJ and 130. In use, the 
current is adjusted to produce a convenient deflection of the 


75-0hm 
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Via. 132.—Illustrating a method of locating faults in an armature with 
alternating current. 


voltmeter when each of the points rests on an adjacent bar. 
The points are moved around the commutator and bridged 
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across the insulation between every two bars. If the voltmeter 
deflection is the same for every pair of bars it indicates that 
there is no short-circuit in the armature. 

205. In Testing Armatures Where Only Alternating Current 
or Low-voltage Cells are Available a telephone receiver (Figs. 
132, 133 and 134) may be used instead of an electrical-measuring 


Ke--2--22-- 10’ Twisted Lamp Cora------*--+ 
6’ Single Lamp Cord * 


8! Single- 
{ Lamp Cord 
“Wooolen Handles 

#8 Stee] Wire 

Needle Points 


Vibrator 


--Watch Case 
“J Telephone 
Receiver 


Fic. 133.—Fault-locating outfit consisting of telephone receiver, vibrator 
and dry cells. 


instrument for a detector. The variations or appearance or 
disappearance of the sound in the receiver, as the test is being 
conducted, enables the operator to localize the trouble. The 
alternating current (Fig. 132) will cause a hum in the telephone 
receiver and the pulsating current produced by the vibrator 
(Figs. 133 and 134) effects the same result. The vibrator may 


328. 


Telephone 
Receiver: 


I-Locating Short Circuits > Il-Locating Grounds. 


Fig. 134,—Circuits for locating faults in an armature with a low-voltage 
source and a vibrator. 


be an ordinary vibrating bell or buzzer connected in series in 
the circuit as shown in the illustrations. . 

206. High-voltage Alternating Current for Testing Arma- 
tures is sometimes used (Fig. 135) for high-resistance grounds 
which may not be detectable where a low e.m.f. is used for 
testing. Such high-resistance grounds may not in normal 
operation make their presence known until there is also a 


' 
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ground on the supply system feeding the motor. In using 
this apparatus the procedure is merely to connect one 
terminal, A, of the high-voltage source to the commutator, 
and the other terminal, B, to the shaft. When the high 
voltage, Hz, is impressed on the armature, this will, usually, 
break down the insulation at the weak point and render the 
location of the ground apparent by the smoke which will 
emanate from the point of breakdown. Fuses, or circuit- 
breakers, C,-C2, should be inserted in the supply circuit to 
prevent the disastrous effects of a short-circuit. 
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Fic. 135.—Method of obtaining and applying “high potential’ for 
armature fault location. 


207. An Alternating-current Inducing Coil is Sometimes 
Used for Localizing Armature Troubles.*—Such a coil is 
illustrated in Fig. 136 while the methods of its application are 
illustrated in Fig. 137. The inducer is merely an alternating- 
current magnet having a U-shaped core composed of sheet- 
steel laminations. The laminations should be interleaved and 
hinged at the point H so that the core may be opened or 
closed to most effectively accommodate armatures of different 
diameters. In use the core should be opened to such a width 
that its two poles, P; and Pe, will have a separation corre- 
sponding to the throw of one armature coil. As shown in 
Fig. 137 the poles should not touch the armature iron when a 
test is being made, but an air gap of approximately 14 in. 
should be allowed. 

208. The Principle of Operation of the Inducer is This.— 
The alternating flux developed by the current in the inducer 
winding sets up an e.m.f. in the armature coils and if a coil 
is short-circuited it will cause a current to circulate in that 


* Practica, ENGINEER, Oct. 1, 1914, p. 965. 
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Fic. 136.—“Inducer” used in locating faults in a direct-current armature 
It induces an alternating e.m.f. in the armature winding. 
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Fie. 137.—Arrangements for locating short circuits and grounds with 
the alternating-current inducer. 
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coil. Thus, in making a test the excited inducer is held 
over the armature, which is rotated. Now, if the arma- 
ture is slowly rotated, while a small piece of metal is held 
lightly on the commutator so that it will bridge the seg- 
ments between each of the bars, there will be, as the armature 
is rotated, an are produced each time one of the segments is 
bridged, provided the segments connect to a normal coil. 
But, if a coil is open, short-circuited or reversed, there will 
be no sparking. To determine whether the difficulty is 
due to an open or a short-circuit, the small iron test strip 
is bridged across the armature slots. When the coil is 
short-circuited the induced current which will flow in it will 
create a flux around the sides of the coil which can be de- 
tected with an iron test strip which is moved over the arma- 
ture coil slots. Furthermore, a short-circuited coil will be 
quickly heated by the local current flowing in it. 

209. The Telephone Receiver Detector Used with the 
Inducer, Fig. 137, affords a more accurate but somewhat 
slower method than that described in preceding Art. 207. 
To locate a short-circuit, Fig. 137, J, an exploring terminal 
connected to the receiver is held on the commutator while 
the armature is rotated. When the exploring points are 
bridging a normal coil there will be a hum in the receiver 
due to the induced alternating current flowing through it. 
When the points bridge a short-circuited coil there will be 
little or no hum in the receiver, depending upon the number 
of short-circuited turns. When the exploring-needle points 
bridge an open coil, an alternating current of considerable 
intensity will flow through the receiver and a loud click will 
be heard. Where a coil is reversed, several of the coils ad- 
jacent to it will test ‘‘silent.”” To definitely locate the in- 
correctly connected coil, it will be necessary to raise some of 
the coils and trace them out by inspection. ‘To locate a 
ground, the connections are made as shown in Fig. 137, JJ, 
and the armature is slowly rotated. When, as the armature 
is rotated, contactor C is on the segment connecting to the 
grounded coil, no sound will be heard in the receiver but at 
other locations there will be a sound, the sound diminishing 
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in intensity as the segment connecting to the grounded coil is 
approached. For locating partial grounds, this method may 
be ineffective, in which case 
that involving a high alternat- 
. ing voltage (Art. 206) where- 
by an insulation breakdown 
may be produced, should be 
employed. 

Fic. 138.—Rig for testingsmall 910, A Rack for Testing 
armatures. (ELECTRICAL REVIEW.) Small Armatures! qiamteme me 
methods of Figs. 131, 132 and 134 is detailed in Fig. 138. Or- 
dinarily a man and a helper are necessary in testing out an 
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Fic. 139.—Showing application of the “modified fuse connector” for 
connecting test lamp in series in the testing circuit. 


armature but with the appliance shown one operator can 
locate the faults. 


211. A Convenient Arrangement of a Test Lamp and Ex- 
ploring Terminal is shown in 
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cuit by means of a fuse con- 


nector as detailed in Fig. 140. With this arrangement the 
testing set can be quickly cut in service at any point where 


Us 
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there is a cut-out. Where it is used, it may be necessary to 
close the line with a temporary switch or otherwise on the 
load side of the cut-out. An Edison plug or a ferrule contact 
fuse can be used instead of the knife-blade contact fuse of Fig. 
140 by adopting obvious modifications. 

212. A Poor Connection between a Bar and Coil Leads 
will cause a considerable deflection of the voltmeter (Fig. 131) 
when one of the points rests on the bar in trouble and the 
other rests on either of the adjacent bars. 

213. An Open-circuited Coil, as h, Fig. 131, will prevent 
the flow of current through its half of the armature. There 
will be no deflection on that half of the armature until the 
“open” is bridged, when the voltage of the testing circuit will 
be indicated. 

214. Tests for Open Armature Circuits.—Another method 
(Fig. 141) is to apply to the commutator, at two opposite 
points, a low voltage, say from a battery or from a dynamo 
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Fic. 141.—Testing for armature Fic. 142.—Testing for armature 
open-circuit with an ammeter. open-circuit with a voltmeter. 


with a suitable resistance (incandescent lamps for example) 
in series. Place an ammeter in circuit and clean the surface 
of the commutator so that it is bright and smooth. The 
terminal ends leading the current into and out of the commuta- 
tor should be small, so that each rests only on a single segment 
(Fig. 141). Note the ammeter reading and rotate the arma- 
ture slowly. At the point where the open circuit exists the 
ammeter needle will go to zero if the leads to the commutator 
bar have become entirely open-circuited. This is because the 
segment is attached to the winding through the commutator 
leads. 


138 ELECTRICAL MACHINERY [Arr. 215 


If the armature does not show the above symptoms, try con- 
necting a low-reading voltmeter or a galvanometer to two 
adjacent segments while the current is passing through the 
armature as described from some external low-voltage source 
(Fig. 142). Note the deflection. Pass from segment to seg- 
ment in this manner, recording the drop between the succes- 
sive pair of bars. This drop, if the current is maintained 
constant from the external source, should be the same between 
each pair of adjacent segments. If any pair shows a higher 
drop than the others near it, a higher resistance connection 
exists there, perhaps causing sparking and biting of the com- 
mutator insulation, to a less degree, to be sure, than with an 
actual open circuit, but enough, perhaps, to cause the trouble 
requiring the investigation. 

215. The Test for Armature Short-circuits, described in the 
preceding paragraph (Art. 204) is called a “bar to bar”’ test. 
It is most valuable in locating faults in armatures. It is the 
method to use if a short-circuit from one segment to another 
is suspected. When the section in which the short-circuit, or 
partial short-circuit, exists comes under the contacts, a low 
or perhaps no deflection is shown on the galvanometer or volt- 
meter, thus locating the defective place. Such short-circuits, 
if they occur when running, owing to defective insulation, 
burn out the coil short-circuited. When the coil passes 
through the active field in front of the pole-piece, an immense 
current is induced in it, causing a destruction of the insulation. 
When this occurs the coil should be open-circuited if the burn- 
ing has not already short-circuited it. If practical, it should 
be bridged over, as suggested in a preceding paragraph. 

216. If Two Bars or a Coil is Short-circuited as at f and 
g (Fig. 131) respectively, there will be little or no voltmeter 
deflection when the two bars connecting to the “short-circuit ” 
are bridged by the point. 

217. A Grounded Armature Coil can be detected in practi- 
cally the same manner as indicated in Fig. 148 for a field coil. 
Fig. 144 shows the connections. Impress full voltage on the 
terminals A and B, clamped to the commutator. Ground one 
side of the voltmeter on the shaft or spider as at G and touch 
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a contactor C connected to the other side of the voltmeter to 
all the bars in succession. The minimum deflection will ob- 
tain when the bars connecting to the grounded coil are touched. 
A battery of dry cells, Z (Fig. 144), having in series a resistor, 
Rk, may be used as a source of energy. A bank of lamps 
connected in parallel will serve as a resistor. Instead of using — 
a voltmeter as in Fig. 142 a galvanoscope, F (Fig. 144), may 
be used. Such a galvanoscope may be improvised by wind- 
ing a coil of wire around a pocket compass but where this 
device is employed the galvanoscope must be used far enough 
away from the machine under test so that the compass needle 
will not be affected by the magnetization of the machine under 
test. 
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Fria. 143.—Locating a grounded Fie. 144.—Arrangement of con- 
field coil. nections for locating a ground in 


an armature. 


218. Crossed Coil Leads as at a (Fig. 131) are indicated by 
a twice normal deflection when the points bridge the bars to 
which the crossed coils should rightly connect. The crossing 
of the coil leads connects two coils in series, hence causes twice 
normal drop. Bridging the bars to which coil h connects will 
produce a normal deflection, but it will be reversed in direction. 

219. Reversed Armature Coil—Instead of the armature 
winding progressing uniformly around from bar to bar of the 
commutator, there may at some point be a coil connected in 
backward. Such a reversed coil often causes bad sparking. 
One way to locate such a trouble is to pass a current through 
the armature, at opposite points on the commutator. Then 
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with a éompass explore around the armature the direction of 
magnetism from slot to slot. If a coil is reversed when the 
~ compass comes before it, the needle will reverse, giving a very 
definite indication of the improperly connected coil. 

220. Heating of Armature.*—Heating of the armature may 
develop from any of the following causes: (a) Too great a 
load; (b) a partial short-circuit of two coils heating the two 
particular coils affected; (c) short-circuits or grounds on arma- 
ture or commutator. 

221. Hot Armature Coils.—Sometimes when a new machine 
is started, local heating occurs in the armature, following the 
exact shape of the armature coil. This may be because, in 
receiving its final turning off, the commutator bars were 
bridged with copper from one segment to another by the 
action of the turning tool. Anexamination of the commutator 
surface will reveal this bridging. When it is removed, satis- 
factory operation will ensue if the trouble has not gone too far 
and seriously injured the insulation of the coil. 

222. “Flying Grounds,” “Flying Short-circuits” and “Flying 
Open Circuits’ sometimes occur in. armature windings. These 
are intermittent troubles which may assert themselves when 
the machine is hot, after running underload, and its component 
parts expanded. ‘Then, when it cools, the trouble may auto- 
matically correct itself. Sometimes the reverse condition oc- 
curs, that is, the fault will be present when the machine is cold, 
but will be temporarily corrected when it is hot. Further- 
more, centrifugal force due to the rotation of the armature 
may be a factor in the situation, in which case the defect 
may be present when the armature is rotated at normal 
speed, but not present when the armature is stationary. 
Obviously, such troubles are very difficult to locate. 
About the only way to localize them is to run the machine 
~until the defect has “burnt itself out’’ or otherwise ren- 
dered its presence sufficiently evident that it can be located 
by the usual testing methods described above. 

223. A Grounded Field Coil can be Located (Fig. 143) 
by connecting a source of voltage to the machine terminals 
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having first raised the brushes from the commutator, if it is 
a direct-current machine. Connect one terminal of the volt- 
meter to the frame and the other to a lead with a bared end. 
Tap with the bared end exposed parts of the field circuit. The 


Connection to «Part of Machine Frame 


Frame -s. 
9, 


PSP S94) 
“Connector 


q ‘Field Coil, Insulation Resistance 
of which Is being Determined 


4 ..-This Leaol Entirely 
q Disconnected 


YG 
X Ko Supply sams 


Fig. 145.—Connections for the determination of the insulation resistance 
of one field coil. 


»-Voltmeter 


voltmeter deflection will be least near the grounded coil. 
The insulation resistance of a field coil may be determined 
with the arrangement of Fig. 145. 

224. A Method of Locating an Open-circuited Field Coil is 
illustrated in Fig. 146. Con- 
nect one terminal of the volt- 
meter to one side of the field- 
coil circuit and with the bared 


zx Field Coil Circuit. 
: ermirals 


end of a wire or a contactor, (7 Field, 
. . ‘$ ; Oo 

successively touch the junc- 

tions of the field-coil leads __-- 


around the frame. When the f 
open coil is bridged the volt- (GER 
meter will show a full deflec- ~~~ 
pees Ecouner saa i pee Fie. 146.—Locating an open field 
the field-coil circuit terminals dail: 

to a source of voltage. Cen- 

nect the voltmeter successively across each coil as indicated 
by the dotted lines in Fig. 146. There will be no deflection 
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on the voltmeter until the open coil is bridged, when the full 
voltage of the circuit will be indicated. 

225. Open Field Circuit.—lIf, on closing the field switch, no 
magnetization is detected by trial with any piece of iron, a 
key for example, there is an open circuit within one of the 
spools or in the wires leading to these spools. ‘The open cir- 
cuit can be located by cutting out one spool at a time and 
allowing current to flow through the rest until the defective 
spool is discovered. On a two-pole motor try first one spool 
and then the other. For a very short time, say, 10 min., 
double voltage can be carried on a spool. Ona motor having 
four or more poles, three spools can always be left in circuit 
during the search for the open-circuit. 

226. Heating of Field Coils* may develop from any of the 
following causes: (a) Too low speed; (b) too high voltage; (c) 
too great forward or backward lead of brushes; (d) partial 
short-circuit of one coil; (e) overload. 

227. Reversed Field-spool Connection.—There may be cases 
where the manufacturer has shipped a motor with one or more 
field spools reversed. If such is the case no torque, or, per- 
haps, very weak torque, will result. Under such conditions 
a trial with a key or other piece of iron will show proper 
field magnetism, yet the weakness or total absence of torque 
will be present, and a trial for polarity (Art. 98) should be 
made. 

228. If a Direct-current Motor will not Start When the 
Starting Box is Operated and when current is flowing in the 
armature, an investigation should be made to see if there is a 
field flux. This can be done by holding a piece of iron, such 
as a key, against the pole-piece. If the flux exists the key will 
be drawn strongly against the pole-piece; if there is no flux 
there will be practically no attraction. 

229. Sometimes a Motor When Started will Run in the 
Wrong Direction.—The only change necessary is to reverse the 
field connection. Thus Fig. 147 shows at the right the con- 
nection for one direction of rotation and at the left, that for the 
other. Note that in Fig. 147 J, the brushes A and A’ are 


* WESTINGHOUSE INSTRUCTION Book. 


Suc. 4] DIRECT-CURRENT GENERATORS AND MOTORS 1438 


shifted backward against the direction of rotation. For the’ 
opposite rotation, a backward, lead as shown in Fig. 147, JJ, 


must be chosen. 


Armature” 
Right Hand Ratation 


ture 
Left Hand Rotation. 
Fic. 147.—Connections for shunt-wound motors. 


230. Bearing Troubles of Motors and Generators.— 
Modern generators and motors, both alternating- and direct- 


BEARING. 


Fig. 148.—Showing the con- 
struction of self-oiling bearings 
used in small-capacity Lincoln 
Electric Company motors. 


current, have self-oiling or 
(for some machines of the 
smaller capacities) ball bear- 
ings, (Figs. 148 and 149). 
The self-oiling bearings should 
be filled to such a height that 
the rings will carry sufficient 
oil upon the shaft. If the 
bearings are too full, oil will 
be thrown out along the shaft. 
Watch the bearings carefully 
from the time the machine is 
first started until the bearings 
are warmed up, then note the 
oil level. The expansion of 
the oil due to heat and foam-. 
ing raises the level consider- 
ably during that time. The 
oil should be renewed about 


once in six months, or oftener if it becomes dirty or causes 


the bearings to heat. | 
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231. Bearings Must be Kept Clean and Free from Dirt.— 
They should be examined frequently to see that the oil supply 
is properly maintained and that the oil rings do not stick. 
Use only the best quality of oil. New oil should be run through 
a strainer if it appears to contain any foreign substances. If 
the oil is used a second time it should first be filtered and, if 
warm, allowed to cool. If a bearing becomes hot, first feed 
heavy lubricant copiously, loosen the nuts on the bearing cap, 
and then, if the machine is belt-connected, slacken the belt. 
If no relief is afforded by these means, shut down, keeping 
the machine running slowly until the shaft is cool, in order 
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Fig. 149.—Showing the construction of a modern, ring-oiling bearing for 
a medium, and large-capacity electrical machine. 


that the bearing may not “‘freeze.’”’ Renew the oil supply 
before starting again. A new machine should always be run 
at a slow speed for an hour or so in order to see that it oper- 
ates properly. The bearings should be inspected at regular 
intervals to insure that they always remain in good condition. | 
The higher the speed, the more care should be taken in this 
regard. 

232. A Warm Bearing or “Hot Box” is probably due to 
one of the following causes: (1) Excessive belt tension. (2) 
‘Failure of the oil rings to revolve with the shaft. (3) Rough 
bearing surface. (4) Improper lining up of bearings or fitting ~ 
of the journal boxes. 

233. Ball Bearings are now being used for electrical ma- 
chinery, particularly for units of medium and small capacity. 
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Typical examples of these applications are shown in Figs. 150, 
151, and 152. Ball bearings involve less friction loss than do 


--Cap 
SS} Ball Bearing 


Ball Bearing” 
Keywar-- + 5 


Fic. 150.—Gurney ball bearings in a vertical induction motor. With 
this arrangement no thrust bearings are necessary. 


-“Stator Winding 


y- Bal/ Bearing 


Fra. 151.—Application of ball bearings to a polyphase squirrel-cage 
induction motor. (Gurney Bearing Co.) 


those of the babbitted type, the friction loss with them being 
approximately one-quarter of that which obtains with bab- 
10 
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bitted bearings of good construction. This means that where 
an electrical machine is fitted with ball bearings its bearing 
friction loss will be negligible.. Another desirable feature of 
ball bearings is that because of their very small friction the 
wear in them is very slight so that low bearing troubles and 
variations in air gap due to wear, which is encountered with 
babbitted bearing machines after they have been in service 
for a considerable period, is greatly minimized. Experience 
has indicated that ball bearings, if properly designed and prop- 
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Fig. 152.—Showing application of Gurney ball-bearings in a direct- 
current, train-lighting generator. 


erly applied, will show no measurable wear after many years 
of continued service. Where bearings of this type are used 
on vertical motors (Fig. 150), if suitably designed, individual 
thrust bearings are unnecessary, which tends toward a re- 
duction in weight and initial cost. Good ball bearings need 
no other attention than a change of the lubricating oil a couple 
of times a year. 

234. To Insure That an Armature is Properly Balanced— 
if it is not balanced it will probably cause noise when rotating 
at normal speed—it is necessary to remove the armature from 
the machine. It is then placed on a balancing stand or on 


ae 


head, very accurate balance will &. 
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level knife-edge bars (Fig. 153) to ascertain which is the heavy 
side. If the armature is properly balanced, it will each time, 
after having been rotated by hand, stop in no particular posi- 
tion, but if it is out of balance it will always stop in the same 


~ Wheels 1” Face 
WN, J Diameter, 


Armature 
Shaft, 


Wooden 
Blocks: 


Note: Knife Edges should 
be perfectly level 
and parallel 


SS 
1-Roller-Bearing Stand I-Knife Edges for Balancing 


Fig. 153.—Roller-bearing armature stand and knife-edge leveling rig. 


position on the balancing rig (Fig. 153), with the heavy side 
down. The counterbalancing weight which should be added 
to the light side to properly balance the member may consist 
of a screw which is turned into a tapped hole in some iron 
part of the commutator struc- 
ture. By filing just the proper 
amount of metal from the screw 


Shaft Armature 


be obtained. Or instead, a &Q 
small ball of solder may be 
sweated to the light side or 
some of the metal filed from 
the heavy side. Ascertain by 
trial just how much metal should be added or removed be- 
fore attempting to make a permanent correction. i 

235. A Rack for Supporting Medium-size Armatures may 
be constructed as shown in Fig. 154. Such an outfit will not 
alone be found very convenient but will likely prove a profit- 
able investment in that if used it will tend to prevent damage 
to the armature winding and end connections. 


Wing Nut 
~>>=Guidle Irons 


Fie. 154.—A rack for medium-size 
armatures. (Esc. Rev.) 


SECTION 5 


TESTING OF DIRECT-CURRENT GENERATORS AND 
MOTORS 


236. Motor Testing.—In all of the discussion of this sub- 
ject, of testing for both direct-current and alternating-cur- 
rent motors, it is assumed that the motor is loaded in the 
usual way by belting or direct-connecting it to some form 
of load, and that the object is then to determine whether the 
motor is over- or underloaded, and approximately what per 
cent. of full-load it is carrying. All commercial motors have 
nameplates, giving the rating of the motor and the full-load 
current in amperes. The per cent. of full-load carried by the 
machine can, therefore, be determined approximately by 
measuring the current input and the voltage. If an efficiency 
test of the apparatus is required, it becomes necessary to use 
some form of absorption dynamometer, such as a Prony (Art. 
239) or other form of brake. The output of the motor can 
then be determined from the brake readings. The accuracy 
of all tests is, obviously, dependent upon the accuracy of the 
instruments employed. Before accepting the results obtained 
by any test, particularly under light or no-load, one should 
be certain that the instruments employed are accurate under 
the conditions encountered. 

237. The Horse-power, Torque and Speed Formulas For 
All Electric Motors follow from the general formula for horse- 
power, the derivation of which is suggested in Art. 238. Thus, 
An ships 2X3.14 XT Xr.p.m. _ 6.28 XT Xr.p.m. 

33,000 33,000 


Then, dividing both numerator and denominator of (17) as 
simplified, by 6.28: 


LX pat. 
(18) hp. = =e piper (horse-power) 
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and 

(19) ee eID (pound-foot) 
r.p.m. 

hence 

(20) eg Re S: 2 foe x wR (rey. per min.) 


Wherein, h.p. = horse-power output of the motor, when it is 
running at the r.p.m. speed and developing torque T. 7 = 
torque in pounds-feet, or, say- 
ing the same thing in another 
way, the torque in pounds at 
1-ft. radius. 7.p.m. = speed of 
motor, in revolutions per 
minute. 

238. How To Determine 
the Horse-power Output of an 
Electric Motor with a Prony 
Brake is explained in the fol- 
lowing example (Fig. 155). 
The principle involved has as J Y, 
its basis the concept of torque Fie. 155.—-Arrangement for de- 
which is discussed in the au- termining the h.p. output of a 

motor with a prony brake. 
thor’s Practican ELEcTRIcITY. 

Exampie.—The torque (Fig. 155) is 20 lb. at 4-ft. radius, or 80 lb.-ft., 
or 80 lb. at 1-ft. radius. Since the motor pulley is turning at the rate 
of 1,000 r.p.m., a point on its circumference travels: 2 X 7 X radius X 
r.p.m. = 2 X 3.14 X 1 X 1,000 = 6,280 ft. per min. At its circumfer- 
ence the pulley is then ‘‘overcoming”’ a resistance of 801lb. Therefore, 
it is doing work at the rate of: 80 X 6,280 = 502,400 ft.-lb. per min. 
Since, when work is done at the rate of 33,000 ft.-lb. per min., a horse- 
power is developed, the motor is then delivering: 502,400 + 33,000 = 
15.2 h.p. It should be noted that, though the torque at the circumfer- 
ence of the motor pulley was considered in this example, it is not neces- 
sary to take the torque at this point. The torque may be taken at any 
point, if the radius to that point is used, instead of the radius of the 
pulley. Substituting the values from the above example in formula (18) 
of Art. 237: h.p. = (80 X 1,000) + 5,252 = 15.2 h.p. This is the same 
result secured by the former and longer method. 

239. There are Several Different Forms of Prony Brakes, 
the most important of which are illustrated in Figs. 155, 156 
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and 157. With the brakes of Figs. 155 and 156: torque, in 
pounds-feet =F, XL. Where F’, = force, measured in pounds, 
at the end of the brake arm; and L = the effective length 
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Fia. 156.—Prony brake of the band-brake type. 


of the brake arm, in feet, that is, the’distance from the center 
of the shaft to the point at which the force is measured. For 
measuring small torques, the self-regulating brake (Fig. 157, J) 
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Itc. 157.,—Different forms of prony brakes. 


may be arranged by setting copper rivets in a leather belt. 
The rivets per unit of surface should increase from zero at 
one end of the working surface to a maximum at the other. 
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Where very small torques are to be measured, a round belt 
in a grooved pulley can be used for the band.* The belt 
should have a small steel wire wound around it spirally. The 
turns of the wire around the belt should increase from zero 
at one end to a maximum number at the other. 

With the arrangement of Fig. 157, 7:7 = (Fu: — Fp) X Ln. 
The distance, L;, should be measured from the center of the 
shaft to the center of the band or belt. At II: T = (Fw2— Fp2) 
X Le. With the brake of I7I:T = Fy3 X Lz. In all of these 
determinations, if / and LZ are measured in pounds and feet, 
respectively, Z'’ will be the torque in pounds-feet. 

240. A Direct-current Motor or Generator Magnetization- 
curve Test may be conducted as shown in Fig. 158. See Fig. 
18 for a magnetization curve. The object of this test is to 
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Fia. 158.—Arrangement for obtaining data for plotting a magnetization 
graph for a direct-current motor or generator. 


determine the variation of armature voltage, without load onthe 
machine, with different intensities of current flowing through 
the field circuit: The armature should be driven at normal 
speed. ‘The effective resistance of the rheostat, R, in the field 
circuit is varied and the voltage across the armature measured. 
The curve obtained by plotting a series of these two values 
is usually called magnetization curve or graph of the generator. 
It is usual to start with a high resistance in the field circuit 
so that very small field current flows, gradually increasing this 
current by cutting out the field resistance. When the highest 
no-load voltage required is attained, the field current is then 
diminished, and the data for what is called the descending (as 
opposed to the ascending) magnetization curve are obtained. 
The difference in the two curves is due to the lag of the 


* H. N. Scheibe, E:ecrric JourNat; vol. iv, p. 118. 
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magnetization behind the magnetizing current, and is due to 
the hysteresis of the iron in the armature core. 

241. A Load and Speed Test of a Direct-current Shunt 
Motor may be made with the equipment diagrammed in Fig. 
159. The procedure in this test is to maintain the voltage 
applied to the motor constant, and to vary the load by means 
of a Prony brake (Art. 238) and determine the corresponding 
variation in speed of the machine and in the current drawn 
from the supply circuit. If the motor is a constant-speed 
machine the field resistance ismaintained constant. For start- 
ing the machine, an ordinary starting rheostat should be 
inserted. 
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Fia. 159.—Connections for a load and speed test on a direct-current 
shunt motor. 


242. In Making a Temperature Test of a Direct-current 
Shunt Motor or Generator by the ‘‘Loading-back” Method 
the equipment may be disposed as illustrated in Fig. 160. In 
making temperature tests‘on a small generator (this method 
is not illustrated) it is usual to drive the generator with a 
motor and to load the generator with a lamp bank or resistance, 
the voltage across the generator being maintained constant, 
and the current through the external circuit adjusted to full- 
load value. The temperatures are then recorded. When they 
reach a constant value above the temperature of the atmos- 
phere, the test is discontinued. Similarly in making a test 
on a small motor, the motor is loaded with a generator and 
the load increased until the input current reaches the normal 
full-load value of the motor, the test being conducted as for 
a small generator. 

When, however, the apparatus, either motor or generator, 
is of considerable capacity it becomes necessary, in order to 
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economize energy and thus decrease the cost of testing, to use 
what is called the loading back method. The apparatus for 
this is shown in Fig. 160. The motor is started in the usual 
way, with the generator belted to it, the external circuit of the 
generator being open. ‘The field current of the generator is 
then so adjusted that the generator voltage is equal to that of 
the line. The generator is then connected to the circuit and 
its field resistance varied until it carries normal full-load cur- 
rent, or slightly less than full-load current. Under these con- 
ditions, if the motor and generator are of the same type and 
size, the motor will carry slightly in excess of full-load, the 
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Fra. 160.—Connections for temperature test of shunt generator or motor 
by the “load-back”’ method. 


difference being approximately twice the losses of the ma- 
chines. Under these conditions the total power drawn from 
the line is equal to twice the loss of either machine. Tem- 
perature readings are taken as in other temperature tests. 
243. The Determination of the External Characteristic of a 
Direct-current, Compound-wound Generator Under Adjust- 
able Load may be effected with apparatus arranged as shown 
in Fig. 161. The object of this test is to determine the relation 
between armature voltage and armature current when the 
shunt-field current is maintained constant. The shunt field 
is adjusted to give normal voltage across the armature when 
the external circuit is open. The load is then imposed by 
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means of an adjustable resistance or lamp bank, R, and read- 
ings of external voltage and current recorded. If the machine 
is normally compounded (Fig. 15) the external voltage will 
remain practically constant throughout the load range. If 
the machine is under-compounded, the external voltage will 
drop with load, while if over-compounded, (Fig. 14) there 
will be a rise in voltage with increase in load. 
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Fic. 161.—Testing arrangement for determining the external char- 
acteristic of a compound-wound direct-current generator. 


244, A Test to Determine the External Characteristic of a 
Shunt-wound Direct-current Generator is diagrammed in Fig. 
162. The external characteristic of a shunt generator is a 
graph (Fig. 10, 7) showing the relation between the current and 
voltage of the external circuit. The shunt-field current is so 
adjusted by manipulating rheostat, R, that the machine im- 
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Fie, 162.—Arrangement for obtaining data for external characteristic 
of.a shunt-wound generator. 


presses, on its external circuit, normal voltage when the ex- 
ternal circuit is open. The field current is then maintained 
constant and the external-circuit current varied by varying 
the resistance in the circuit with the rheostat, L. By plotting, 
on squared paper, voltage along the vertical, against the corre- 
sponding amperes along the horizontal, the external character- 
istic graph is obtained. - 
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245. Measurement of the Insulation Resistance of Genera- 
tors and Motors will give an indication of the average condi- 
tion of the insulation as regards moisture and dirt, but will 
not always detect weak spots.* The higher the insulation 
resistance, the better the general condition of the insulating 
material. The approximate figure of 1 megohm per 1,000 volts 
of rated e.m.f. when the machine is at its normal full-load 
temperature may be taken as indicating a fairly satisfactory 
condition of the armature insulation. The insulation resist- 
ance of the field will be much higher in proportion to the e.m.f. 
of the exciting current and will seldom give appreciable 
trouble. Since large armatures have much greater areas of 
insulation, their insulation resistance will be proportionally 
lower than that of small machines. Even though the material 
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Fia. 163.—Measuring generator insulation resistance. 


is in exactly the same condition, the insulation resistance of 
any machine will be much lower when hot than when cool, 
especially when the machine is rapidly heated. 

246. The Only Feasible Way of Increasing the Insulation 
Resistance When the Machine is Complete is by “Drying - 


-Out.”—Armature winding and field coils are dried out by heat; 


baking in an oven is to be preferred, but is often impracticable. 
They are usually heated by the passage of current. In the 
ease of the armature this may be accomplished by short-cir- 
cuiting the leads and running the generator with a low field 
charge, just sufficient to produce the proper current. See 
Art. 107. 

247. Insulation Resistance may be Conveniently Measured 
with a High-resistance Voltmeter, preferably one especially 

* Westinghouse lec. & Manfg. Co. 
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designed for the purpose. Voltmeters having a resistance of 
1 megohm are now made for this service so that, if one of 
these instruments is used, the calculation is somewhat simpli- 
fied. A double-pole switch arranged as indicated in Fig. 163 
is convenient for changing the voltmeter connections. If a 
grounded circuit is used for making this measurement, care 
must be taken to connect the grounded side of the line to the 
frame of the machine to be measured, and the voltmeter be- 
tween the windings and the other side of the circuit. Fig. 
145 illustrates the method of determining the insulation resist- 
ance of a field coil. See the author’s AMERICAN ELECTRICIAN’S 
Hanppook for a description and examples of the method and 
figuring used in making determinations of insulation resistance 
with a voltmeter. 


SECTION 6 


PRINCIPLES, CONSTRUCTION AND CHARACTERISTICS 
OF ALTERNATING-CURRENT GENERATORS 


248. Modern Commercial Alternating-current Generators 
or Alternators usually are arranged as suggested diagrammat- 
ically in Fig. 164. Electromagnets, excited by a small direct- 
current generator or exciter, are mounted on a wheel-like 
structure which revolves within a circular stationary frame in 
the inner surface of which are armature coils. The revolving 
part is the revolving field; the stationary part is the armature. 
The direct current is fed to the field coils through collector 
rings. Armature coils are, in practice, arranged in slots in 
the inner circumference of the armature structure. Alternat- 
ing e.m.fs. are induced in the armature by the lines of force 
from the revolving field magnets cutting the armature coils. 
The alternating voltage can be varied, within limits, by ad- 
justing the field rheostats. 

249. There are Several Types of Alternators or alternating- 
current generators. They are: (1) Revolving-armature alter- 
nators (Fig. 165) wherein the armature revolves and the field 
magnets are stationary; revolving-armature machines are now 
ordinarily manufactured only for capacities of less than about 
30 kva.; (2) revolving-field alternators, wherein the field mag- 
nets revolve and the armature is stationary (Fig. 166); (3) 
inductor alternators, wherein both field magnets and armature 
are stationary and iron cores revolve between the armature 
core and the field-magnet poles. Modern alternators of mod- 
erate and large capacity are practically all of the revolving- 
field type because the stationary armature offers better op- 
portunity for insulation and a high voltage is not necessary 
on the collector rings. Fig. 166 shows a modern installation 
of a small revolving-field alternating-current generator. In 
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Revolving Armature 
Collector Rings 


Shortt : ™ -Brush 
Extended j 

For 

Pulley, 


“Direct-Connected 
Exciter 


--Pressed'- Stee/ Foot 


Fia. 165.—A small revolving-armature generator. (This Westing- 
house belted alternator is rated at 20-kva., three-phase or 14-kva. single 
Brace, 60-cycles, 1800 r.p.m., 120, 240, 480 or 600 volts, three- or single- 
phase. 


Fra. 166.—A Ridgway 75-kva., 277-r.p.m., three-phase, 60-cycle, 240- 
volt, direct-connected, engine-type generator, driven by a 12 xX 14 
106-h.p. high speed Ridgway engine. The exciter is belt-driven and has 
an output of 5 kw, 
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Fig. 167 are illustrated two revolving field turbo-generator 
units. 


Outgoing Lines 
Choke Coils 
Discorinecting Switches~ 


. Turbine Governor, 
t Turbine 


Fic. 167.—Two 500 kva., Ridgway, mixed-pressure, turbo-alternator 
units. 2200 volts, three-phase, 60-cycles. 


dhifting Hooks. 


Frome-~ 


Fig, 168.—Stator of a Westinghouse alternating-current generator for 
steam-turbine drive. 


250. The Construction of Turbo-alternators—that is alter- 
nating-current generators arranged for steam-turbine drive 


/ 
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es .2- Ventilating Chimney 


“Steel Core 
d Clamp 


Cast lron---~., 
Frame 


Yentilating---~ 
Holes Ventilating 
+ Air Intake 


Fig. 169.—Stator (alternating-current armature) of a turbo generator 
without armature windings and with end bells removed. 


Radial Slots Machined 
in Solid Core for~, 
Armature Coils 


Fia. 170.—Rotor (direct-current field) core for an alternating-current 
5) aed 4 ee “ : =) a 
turbo generator. This shows one of the ‘ radial-slot”’ type. 


11 
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(Figs. 168 to 171)—is somewhat different from that utilized for — 


machines which are to be driven at moderate speeds. How- 
ever, these are always revolving-field machines. Steam tur- 
bines, if they are to develop their maximum economies, must 
operate at high speeds and it follows that generators which 
are to be driven directly by them must be capable of operating 


Impregnated Wood 
Clarrpwrg Blocks, 


Cast /ror 
Braces 


Ventilating -=\" 
Holes eh 


Fic. 171.—End-view of a turbo-alternator armature with the winding 
and braces in position. 


at the same speeds; 1,200, 1,800 and 3,600 r.p.m. are speeds 
frequently encountered in practice. These machines ordi- 
narily require forced ventilation, hence are usually enclosed 
as shown in Fig. 168. Since the rotors (fields) revolve so 
rapidly, they must be of very secure construction. Hence, 
for small and mediurh-capacity machines, the field structure 
is frequently machined from a steel forging as shown in Fig. 
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170. The field core for the large machines is assembled from 
- dishes cut from steel slabs or plates. 


", 
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b 
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‘Guide Pulley for 
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Fig. 172.—Sectional elevation of an Electrical Machinery Company 
vertical vee at generator. (See Fig. 173 for a photographic repro- 
duction. 


Fia. 173.—Showing an Electrical Machinery Company’s vertical 
waterwheel generator with a belted exciter. (See Fig. 172 for a sec- 
tional elevation of a generator of this type.) 


251. A Sectional View of a Vertical Water-wheel Genera- 
tor, as manufactured by The Electrical Machinery Company, 
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is shown in Fig. 172. The stator rests on a circular cast-iron 
base which carries a split, babbitted, self-oiling, steady bearing 
below the rotor. The vertical shaft is arranged to couple 
direct to the waterwheel shaft. A thrust bearing of the roller 
type which carries all of the revolving parts is at the top. 
This machine is shown installed in Fig. 173. 

252. The Electromotive Force in an Alternator is Generated 
as Suggested in Fig. 174.—As each. field coil, D for instance, 
sweeps past the armature coils the lines of force from the field 
coil-cut the armature coils. As coil D passes from A to C 
an alternating e.m.f. represented by the graph ABC will be 
generated in the armature. It should be understood that in 
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Fic. 174.—Armature and field structure developed. 


commercial alternators the armature coils are set. in slots and 
differently arranged than in Fig. 174, which only illustrates a 
principle. For a simple but rather complete explanation of 
how and why alternating e.m.fs. are generated by alternators, 
see the author’s PRacticaL ELECTRICITY. 

253. The Relation Between the Speed, Frequency and 
Number of Poles of any Alternating-current Generator is ex- 
pressed. by the following formulas: 


(21) f= px ypan (frequency) 
2 
(22) = x! (number of poles) 
. 120 
(23) r.p.m. = LES | (speed) 


P 
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Wherein, f = frequency, in cycles per second. r.p.m. = revo- 
lutions per minute of rotor. p = the number of field poles. 
A table will be found in the author’s AMertcan ELECTRICIANS’ 
Hanpsoox, showing the synchronous speeds for alternating- 
current generators for all of the commonly used number of 
poles from 2 to 100, and for frequencies of 25 to 133 cycles. 
See the author’s Practica, Evecrriciry for a much more 
complete discussion of the subject of frequency. 


Exampie.—What is the frequency developed by a two-pole alter- 
nating-current generator which is rotated at 3,600 r.p.m.? SoLurion.— 
Substitute in the above equation (21): f = (p X r.p.m.) + 120 = (2 
X 3,600) + 120 = 7,200 + 120 = 60 cycles per sec. 

Exampie.—How many poles must a 25-cycle alternator which operates 
at 100 revolutions per minute have? SoLurron.—Substitute in the 
equation (22): p = (120 Xf) +rp.m. = (120 X 25) + 100 = 3,000 
+ 100 = 30 poles. 


; 4 
Armature: 


\f Field -"" 
geskawstione Spider Arms -----------3 


One Slot per Pole Two Slots per Pole, 


Fig. 175.—Single-phase armature windings. 


254. Single-phase Alternators.—The circumferential dis- 
tance from the center line of one pole to the center line of 
the next pole of the same polarity constitutes 360. magnetic 
degrees. See Fig. 174, which shows how a single-phase e.m.f. 
is generated. See the author’s PracticaL Execrricity for 
explanations of the terms ‘‘single-phase,” “two-phase”? and 
“three-phase.” Fig. 164 is a diagrammatic illustration of a 
single-phase alternator and Fig. 175 shows, diagrammatically, 
two different kinds of single-phase windings. Single-phase 
alternators are seldom made now. If single-phase service is 
demanded the manufacturers furnish a three-phase machine 
instead and give it a-single-phase rating equal to about 70 
per cent. of the three-phase rating. The single-phase load is 
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then carried on any two of the three leads of the three-phase 
generator. See ‘‘Three-phase Alternator” (Art. 258). 

255. A Table of Average Performance Values for Standard 
Two- and Three-phase Generators of capacities up to 2,000 
kva., will be found in the author’s American ELECTRICIANS’ 
Hanpsoox. In this table are given the current values, the 
efficiencies at various loads and the exciter capacities ordi- 
narily required for 240, 480, 600, 1,200, 2,200 and 2,400-volt 
machines. 

256. Performance Guarantees on Alternating-current 
Generators are, in the United States, now practically al- 
ways made on the continuous rating (A. I. E. E. Std. Rule 
281)* bases. ‘That is, the generators are rated at the kilo- 
volt-ampere outputs at which they will operate continuously 
without excessive temperature rise. The maximum tem- 
perature rise specified is usually 50 deg. on the basis of a 
40-deg. reference, ambient} or “‘room” temperature. These - 
temperature rises are based on operating the machines on 
normal excitation, voltage and “frequency at a _ specified 
power-factor—usually 80 per cent. That is, the ‘‘normal”’ 
method of rating whereunder an overload—possibly 25 per 
cent. for two hours—was guaranteed, is no longer used by the 
leading manufacturers of electrical machinery. The above 
temperatures are all based on the thermometer method of 
observation. 

257. Two-phase Alternator.—In a generator of the type 
indicated in Fig. 176 the centers of the two component coils 
I and II are 90 electrical deg. apart and the single-phase 
electromotive forces generated in coils J and II by the pas- 
sage of the field system past them, differ in phase by 90 deg. 
This property has given rise to the term quarter-phase for 
this type of machine, but it is more frequently called a two- 
phase machine. The electromotive force in coil J is zero 
when that in coil JJ is a maximum, and vice versa. The 


*‘*A machine rated for continuous service shall be able to operate continuously 
at its rated output without exceeding any of the limitations referred to in 260.” 

{ The ambient temperature (A. I. E. E. Std. Rule No. 303) is the temperature of 
the air or water, which in coming into contact with the heated parts of a machine, 
carries off its heat. See also Art. 47). 
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curves of electromotive force in coils J and IJ may be 
plotted as indicated in Fig. 177. Fig. 178 shows two 
methods of connecting the armature windings of two-phase 
alternators. The armature coils can be arranged in one or 


ana er rn 
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Fria. 176.—Diagram for two-phase alternator. 


more slots per pole as diagrammatically suggested in Fig 
179. In commercial machines the windings are almost 
always arranged in more than one slot per pole. See the 
author's PRACTICAL ELEctRIc- Curve of Current inane Set of Coils 
1ry for further information in Curve of Current 
icons 11 Other Set 
regard to two-phase currents. t 4 ead 
258. Three-phase Alternator es 
Coils are arranged as illustrated 4 
diagrammatically by eoils it: Medi Fia. Bee two-phase 
* current. 
and JII of Fig. 180, and the 
curves of instantaneous electromotive force are displaced 
from one another by 60 deg. as indicated in Fig. 181. This 
arrangement of coils is really a six-phase grouping, and in 
connecting the winding for three-phase, the coils of one of 
the phases must be connected in the reverse sense from the 


. 


. 
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other two. This will give the true three-phase arrangement 
in which the e.m.f. curves are as in Fig. 182, These curves 
One Setof Armature Coile 


\, Other Seto, External Circuit * 
Common Return: LSA 
ny Wire 


iy le Phasel hr 
Pasir 


i Phase. 
ff Phase. 


Four- Wire System 


Three-Wire System. 
Fic. 178.—Methods of connecting two-phase generator armature 
windings. 


also represent the e.m.fs. for the winding in Fig. 183 with 
the three phases connected in the same sense. Here three 
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One Slot per Pole. Two Slots per Pole. 


Fie. 179.—Two-phase generator armature windings. 


coils are distributed over a double-pole pitch, and the phase 
displacement between the e.m.fs. is 120 deg. 


Stationary 
¢ Armature, a 


Fic. 180.—Six-phase Fic. 181.—Graphs of instanta- 
grouping. neous electromotive forces. 


259. The Two Methods of Connecting Three-phase 
Armature Windings are shown in Fig. 184. These methods 
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are discussed in more detail in the author’s Pracrican 
Evecrriciry. Armature windings can be arranged in one 
or more slots per pole (Fig. 185). The Y method of con- 
nection is almost invariably 
used for modern three-phase 
generators. 

260. Exciters for Alternat- 
ing-current Generators are 
usually compound-wound, flat- 
compounded, and rated at 125 
or 250 volts. It is especially Efe 
desirable that they be “stable,” aS 2 a badilaed pitee Phere 
if direct-connected to the shaft 
of an alternator. By astable generator is meant one that does 
not have an excessive rise or fall in terminal voltage with a 
corresponding change in speed. Standard direct-current ma- 
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Fig. 183.—Diagram for three-phase, Y-connected alternator. 
chines of the desired rating are used where the exciters are 


separately driven. Separately-driven exciters are usually pref- 
erable for most applications on account of the fact that the 
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system is thereby rendered much more flexible; any drop in the 
speed of the alternator does not cause a corresponding drop in 
the exciter voltage, and the regulation of the plant as a whole 
is improved. Furthermore, if the exciter is not direct-con- 
nected, an accident to it will not necessitate shutting down 
the generator, assuming that there is a duplicate exciter set. 


External Circust. 


Z Connection 


“ne 


Delta (4) Connection : Y Connection 


Fig. 184.—Methods of connecting three-phase armature coils. 


261. It Is Necessary That the Exciter Capacity be Ample 
to Provide Reserve Capacity—To make the exciter plant 
as reliable as possible, storage batteries are being installed in 
connection with the exciting generators in some plants in 
such a way that current may be furnished to the field circuits 
of the alternators, even though all rotating apparatus be at 


Bee trative Bo 
Ty 6" Vernahag 
'S Re Roles S| 


Two Slots per Pole One Slot per Pole 


Fia. 185.—Three-phase armature windings. 


astandstill, As an example of the amount of reserve capacity _ 
that is sometimes installed: in the first power plant of the 
Niagara Falls Power Company four exciters are installed, 
each one having sufficient capacity to excite the entire plant, 
and each driven by its own turbine, fed by a separate penstock. 

262. Exciter Drives.—It is apparent that where separately- 
driven exciters are used the prime movers should be such 
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that the exciters may be started independently of the energy 
furnished by the alternators. Steam-, water-, or gas-driven 
units are necessary unless a storage battery or power from an 


- external source is available for excitation of the plant when 


first starting up. With the bus-bars excited, motor-driven 
units may be operated and they are preferable in many cases. 

263. Exciter Capacity.—General figures for the capacity of 
an exciter for any machine run from 2.5 per cent. of the 
capacity of the alternator, for 


moderate speeds and small ; ian Sertcal Wator-Whee! 
sizes, to 0.5 per cent. of the al- Gen, cern Swe 


ternator capacity, or a trifle ¥ GE S.5 S Se}erew sabe 
less, for large, high-speed, tur- is O86 t ae: 
bine units. Two per cent. is ¢& 
a value commonly used in the 
absence of definite data. This 
is too low in a very few cases, 
but more often in error on the 
safe side. z 

264. A Belt-driven Exciter 
for a Vertical Waterwheel 
Alternator is shown in Fig. 178 
and 186. Note that a quarter- 
twist belt is used for driving 
the direct-current machine. A 
sectional view of an alternator 
of the type shown in this illus- 
tration is given in Fig. 172. : 2 : 

Bo5-Pleld. Discharge i, 28ttnscamlt ae 
Switches and Resistors should lation. 
be provided for automatically 
discharging the field circuits of alternating-current generators 
when the field switch is opened. If such provision is not 
made, the high e.m.f. of self-induction developed when the 
switch is opened, is liable to puncture and possibly ground 
the field winding of the machine. See Figs. 116 and 117 for 
information relating to field-discharge switches and resistors 
as applied to direct-current motors and generators. 
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266. Explanations, of the Derivations of the Following 
Formulas and Rules will in most cases be found in the author’s 
PracticaL Evecrriciry. To explain here why the formulas 
given are correct would require considerable space and would 
in effect be a repetition of material which is treated rather 
fully in the other book just referred to. 

267. To Compute the Horse-power Required to Drive an 
Alternating-current, Single-phase Generator, on the Basis of 
its Kilovolt-ampere Output, the following equation may be 
used: 


- kea.o X Ps. f 

(24) hpi = EX 0,746 (horse-power) 

(25) Keg = LO, xe Cis (kilovolt-amperes) 
h.p.i X E X 0.746 

al — =f 

(26) pf. oe (power-factor) 
kva.o X pf. : 

y) pe geil ESOS de ly 

(27) E hepa X 0.746 (efficiency) 


Wherein, h.p.; = the horse-power input to the generator. 
kva.. = the kilovolt-ampere output of the generator. p.f. = 
the power-factor of the load which the generator is serving. 
E = the efficiency of the generator, for the conditions under 
consideration, expressed decimally. 


ExampLe.— What horse-power is required to drive a single-phase gen- 
erator which is delivering 625 kva. at 80 per cent. power-factor, it being 
assumed that the efficiency of the machine at this load is 90 per cent.? 
SoLution.—Substitute in equation (24): h.pi = (kva.. X pf.) + (E 
Xx 0.746) = (625 X 0.80) + (0.90 X 0.746) = 745 hip. 


268. To Compute for an Alternating-current Single-phase 
Generator, Either the Horse-power required to Drive It, Its 
Voltage, Current, Efficiency, Power Factor, When the Value 
for Only One of These Quantities is Not Known, one-of the 
following formulas may be used: 

bit Dexa pox Dife 


(28) h.p.i Eure © ore dest) 
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_ h.ps XE X 746 


(29) E ian: (volts) 
(30) ie +, — aan 746 (a ere 
(31) pf. = Pa ie (power-factor) 
(32) E = areas: zB : (efficiency) 


Wherein, h.p.; = the power input to the generator, in horse- 
power. HH = the voltage impressed by the generator on the 
external circuit. J, = the current circulated in the external 
circuit by the generator. p.f. = the power-factor of the load 
on the external circuit, expressed decimally. E = efficiency of 
the generator, expressed decimally. 
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Fria. 187.—What power in the generator taking? 


ExAMPLE.—What horse-power would be required to drive the single- 
phase generator of Fig. 187 with the conditions as there specified, it being 
assumed that under these conditions the efficiency of the machine is 84 
per cent., the e.m.f. impressed on the external circuit is 600, the current 
is 144 amp. and the power-factor of the load is 82 per cent.? SoLuTion. 
—Substitute in equation (28): h.pi= (E X Ih X pf.) +E X 746) = 
(600 x 144 X 0.82) + (0.84 X 746) = 113 h.p. That is, under these 
conditions the engine would have to deliver 113 h.p. at the generator 
pulley, P. 


269. To Compute the Kilowatt Output of Any Alternating- 
current, Single-phase Generator, this equation may be used: 


EX; x Ushs 
1,000 


(33) kw.. = (kilowatts) 
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kw.. X 1,000 
Sp eee eee It 
(34) 7 E eer (volts) 
(35) I, = a (amperes) 
kw.. X 1,000 
(36) pf. = Se a (power-factor) 


Wherein, all of the symbols have the same meanings as in 
the above Articles except that kw.. = power output of the gen- 
erator in kilowatts. 

270. To Compute the Kilovolt-ampere Output, the Current 
or the Voltage of any Alternating-current, Single-phase Gen- 
erator one of the following formulas may be used: 


: FX, : 

(37) boa. = 7,000. (kilovolt-amperes) 

(38) ihe Se (alte, 
1 

(39) iy = ee (amperes) 


Wherein, the symbols have the same meanings as above. 

271. To Compute the Kilovolt-amperes Output, the Current 
or the Voltage of Any Three-phase, Alternating-current Gen- 
erator one of the following formulas may be used: 


(40) Kog.e-= 8 X Is 000173 (kilovolt-am peres) 
kva.o X 5 
(41) pees oe Galea) 
3 
kva.o 
(42) ie - os (amperes) 


Wherein, kva., = the output of the generator, in kilovolt-am- 
peres. HEH = thee.m.f.impressed by the machine between phase 
wires on the external circuit in volts. J; = the current, in 
amperes, in each of the three-phase wires, it being assumed 
for all of this notation that the load on the three phases is 
balanced. 


Exampie.—What is the kilovolt-ampere output of the three-phase, 
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alternating-current generator of Fig. 188 when it is delivering, as shown, 
a current of 54 amp. in each of the three-phase wires and impressing on 
the external circuit a voltage of 2,200? SoiuTion.—Substitute in equa- 
tion (40): kva.. = H X Is X 0.00173 = 2,200 x 54 X 0.00173 = 205.5 
kva. 


272. To Compute for a Three-phase, Alternating-current 
Generator, Either the Horse-power Required to Drive It, the 
Kilowatt-ampere Output, the Power Factor or the Efficiency, 
When the Value for Only One of these Quantities is Not 
Known, one of the following formulas may be used: 


_ kva.. X pf. Nati 
(43) h.p.: = E X 0.746 (horse-power) 
(44) kva.. = his a ve (kilovolt-amperes) 
Noltmeters 


7 
Ammeters’ — & 
Read 54 Amp Thr 


ee-Phase, Alternating= 
Current Generator 


Fig. 188.—Example in computing Kva. Output of a three-phase 
generator. 
hv. X EX. 0:746 


(power-factor) 
kva.o 


(45) pf. 


kva.o X pf. 


ee OA PY ines 
h.pi X 0.746 (efficiency) 


(46) E 
Wherein, all of the symbols have the same meanings as in the 
above articles except that kva.. = the kilovolt-ampere output 
of the generator. 


Exampiy.—A three-phase generator has a full-load rating of 600 kva. 
When delivering full-load kilovolt-amperes to the load at 80 per cent. 
power-factor, what horse-power would be required to drive this machine, 
assuming that its efficiency is 90 per cent.? Son~ution.—Substitute in 
equation (43): h.p.i = (kva.. X pf.) + (E X 0.746) = (600 X 0.80) + 
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(0.90 X 0.746) = 715 h.p. Therefore, under these conditions it would 
require 715 h.p. to drive the generator. 


273. To Compute for Any Alternating-current Generator, 
Either the Kilowatt Output, the Voltage, the Current or the 
Power Factor, When the Value for Only One of These Quan- 
tities is Not Known, one of the following equations may be 
used: 


(47) kw.g = EX I3 X pf. X 0.00173 (kilowatts) 


kiwse KOE 

(48) E = ioe (volts) 
kw.o X 577 

(49) I3 = Te (amperes) 
kw.o X 577 

(50) Df: = Boal. (power-factor) 


Wherein, all of the symbols have the same meanings as speci- 
fied above except that kw., = the output of the generator in 
kilowatts. 

274. To Compute for Any Three-phase Generator, the 
Horse-power Required to Drive It, Its Voltage, Current, 
Efficiency or Power Factor, When the Value of Only One of 
These Quantities is Not Known, one of the following formulas 
may (it being assumed that the electrical load is equally 
balanced between the three phases) be used: 


(51) ip. = A eee: (horse-power) 
(52) pos re . = i (valte} 
(53) ES ee | (ainperes) 
(54) pf. = OE ae ae (power-factor) 
(55) : 2 5 “ abt (offitiency) 


Wherein, h.p.1 = the power input to the generator, in horse- 
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power. H = the e.m.f. in volts impressed by the machine be- 
tween phase wires on the external circuit. J3 = the current 
circulated by the machine in each of the three-phase wires. 
p.f. = power-factor of the load served by the generator. E = 
efficiency of the machine, expressed decimally, for the condi- 
tions under consideration. 

Exampie.—What horse-power input would be required at the pulley, 
P, of the three-phase generator shown in Fig. 189 when the machine is 
impressing 2,200 volts on the external circuit and circulating a current 
of 23 amp., it being assumed that the power-factor of the load is 85 per 
cent. and that the efficiency of the generator is 90 per cent.? SoLutron. 
—Substitute in equation (51): h.p. = (H X I3 X pf.) + (E X 480.7) = 
(2,200 X 23 X 0.85) + (0.90 X 430.7 = 111 h.p. 
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Fig. 189.—Size engine required to drive a three-phase alternating-cur- 
rent generator. 


275. To Find the Size Engine Required to Drive an Alter- 
nating-current Generator the same general procedure may be 
followed as that used in ascertaining the engine capacity for 
direct-current machines, which is described in Art. 51. How- 
ever, with an alternating-current generator it must ‘be re- 
membered that the kilovolt-ampere rating of the machine must 
be multiplied by the power-factor of the load which will be 
served in order to ascertain the power load in kilowatts. One 
of the preceding equations can be used in determining the 
horse-power necessary at the generator pulley or shaft to pull 
a given electrical load. In the author’s AmErican Exxc- 
TRICIANS’ HANDBOOK are given tables showing the actual ef- 
ficiencies of commercial alternating-current generators. It 
should be noted (see Art. 253) that with alternating-current 
generators the speed is determined by the number of poles on 
the generator and by the frequency which it is desired to 


produce. 
12 


SECTION 7 


MANAGEMENT OF ALTERNATING-CURRENT 
GENERATORS 


276. In the Management of Alternating-current Generators 
many of the principles already discussed in Sec. 2, ‘‘ Manage- 
ment of Direct-current Generators,’ apply. In general, the 
alternators should receive the same care in regard to oiling 
(Art. 76), cleanliness and general attention as do direct-cur- 
rent dynamos. The reader is advised to review Sec. 2. 

277. Synchronizing.*—Two or more alternating-current 
generators will not operate in parallel unless (1) thezr voltages, 
as registered by a voltmeter, are the same; (2) their frequencies 
are the same; and (8) their voltages in phase. If the machines 
are not in phase, even if their indicated voltages and their 
frequencies are the same the voltage of one will, at given in- 
stants, be different from that of the other and there will be 
an interchange of current between the machines. When two 
or more generators’ all satisfy the three above requirements 
they are “‘in step” or in synchronism. Synchronizing is the 
operation of getting machines into synchronism. Incandes- 
cent lamps or instruments are, as described in other para- 
graphs, used for indicating when machines are in synchronism. 

278. Synchronizing a Single-phase Circuit with Lamps.— 
The Elementary Principle involved in determining synchronism 
is indicated in Fig. 190. If the voltage and frequency of gen- 
erators A and B are the same and the machines are in phase, 
point a will be at the same potential at every instant as will 
point a’. Hence the lamps between a and a’ will not light so 
long as the three conditions are satisfied. So long as the 

* For a complete discussion of the various methods, and for diagrams of all synchron- 
izing circuits in common use for both lamps and synchroscopes see ELECTRIC JOURNAL, 


articles by Harold Brown, May, 1912, and July, 1912. The material on this subject 
herein is largely from these articles. 
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conditions are not satisfied there will be a fluctuating cross- 
current from a to a’ and a constant fluctuating of the brilliancy 
of the incandescent lamps. When the lamps become dark and 
remain so, the generators are in synchronism and may be 
thrown together. Had the connection at a’ been made to the 
b’ generator lead, the lamps would be bright when the genera- 
tors were in synchronism, but for reasons outlined in another 
paragraph the connection shown which provides the “dark 
lamp’? method of synchronizing is preferred. The second 
pair of lamps between 6 and b’ is provided to insure against 
accident in case the a—a’ set were broken. The same condi- 
tions occur in the a—a’ set as in the b—b’ set. A voltmeter of 


, 


Incandescent 
Lamps 
O—-O——_40 

O—©: 


Fie. 190.—Circuits for synchro- Fig. 191.—Cireuits for syn- 
nizing with lamps. chronizing high-voltage circuits 
with lamps. 


proper rating can be substituted for the lamps. Where the 
voltage generated is so high that it is not desirable to connect 
a sufficient number of lamps in series for it, a single pair of 


_ lamps fed through voltage transformers can be used for syn- 


chronizing, is suggested in Fig. 191. 

279. Phasing Out.—Prior to connecting the leads from a 
polyphase generator (which is to operate in parallel with 
others) to the generator switch, the circuits must be ‘ phased 
out.” That is, the leads must-be so arranged that each lead 
from the generator will, when. the generator switch is thrown, 
connect to the corresponding lead of the other generator. If 
this is not arranged there may be considerable damage done 
due to an interchange of current when the two machines are 
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paralleled. After once phasing out it is necessary to syn- 
chronize but one phase of the machine with the corresponding 
phase of the other machine. 

280. Connections for Phasing Out Three-phase Circuits are 
shown in Fig. 192. If voltage transformers are not used the 
sum of the voltages of the lamps in each line should be ap- 
proximately the same as the voltage of the circuits. On 440- 
volt circuits, two 220-volt or four 110-volt lamps should be 
used in each phasing-out lead. To phase out, run the two 
machines at about synchronous speed. If the lamps do not 


Voltage Transformer 


With Voltage Without Voltage 
Transformers.! Transformers. 


Fic. 192.—Connections for phasing out three-phase circuits. 


all become bright and dark together, interchange any two 
of the main leads on one side of the switch, leaving the lamps 
connected to the same switch terminals, after which the lamps 
should all fluctuate together, indicating that the connections 
are correct. The machines are in phase when all the lamps 
are dark. 

281. The Synchronizing Connections for More Than Two 
Three-phase Generators are shown in Fig. 193 although only 
two machines are illustrated in this diagram. A synchroniz- 
ing plug may be used instead of the single-pole synchronizing 
switch shown. The illustration indicates the connections used 
where machines are to be synchronized to a bus. Where only 
two machines are to be synchronized, the connections are the 
same as shown in Fig. 193 except that the bus transformer 


-more difficult and were it not that with the 
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and the corresponding lamp are omitted and one plug or syn- 
chronizing switch is required instead of two. 

282. Synchronizing Dark or Light—Synchronizing dark 
appears to be the preferable method. All the connections 
shown in this book are for ‘‘synchronizing dark.’”’? When the 
lamps are “dark” the machines are in phase and it is neces- 
sary to close the switch when the variation in light is the 
slowest obtainable or ceases altogether, that is, at or just be- 
fore the middle of the longest dark period. Should a filament 
break, the synchronizing lamps would remain dark and thus 
apparently indicate synchronism and possibly cause an acci- 
dent. Therefore, it is considered desirable by some to reverse 


Bus- Bars 


Circu/t 


Fic. 193.—Connections for synchronizing three-phase circuits where 
transformers are required. 


the synchronizing circuit connections and thereby synchronize 
“light.” Synchronizing light eliminates the danger due to 


- the breaking of a filament, but has the disadvantage that the 


time of greatest brilliancy is difficult of determination. The 
“light”? period is relatively long compared with the dark 
period, so that synchronizing light is usually considered the 
“synchronizing 
light’? method the danger due to filament breakage is elimi- 
nated, the method would never be used. The probability of 
a filament breaking justat the time of approaching synchronism 
and when the machines are not in phase is remote. If it 
occurs at any other time in the operation it will be noticed. 
As a protection against accidents due to such breakage, two 
synchronizing lamps should always be placed in multiple. 
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283. The Number of Lamps to Use in a Group to Indicate 
Synchronism is determined by the voltage of the generators. 
With high-voltage circuits it is not feasible to use a sufficient 
number of lamps, so a transformer is then employed (Fig. 193) 
that has a voltage sufficient for a 110-volt lamp. See the 
diagrams. The greatest voltage impressed on the lamps is 
double that of the voltage transformers or generators. Thus 
the maximum voltage on the lamps where two 220-volt gen- 
erators are being synchronized is 440 volts. ‘The dark period 
may be shortened by impressing a voltage higher than their 
normal on thelamps. For two 220-volt machines, for example, 
three 110-volt lamps might be used. 

284. Synchroscopes are instruments that indicate the dif- 
ference in phase between two electromotive forces at every 
instant. They show whether the machine to be synchronized 
is running fast or slow and indicate the exact instant when 
the machines are in synchronism. ‘The companies which man- 
ufacture the instruments furnish literature describing the 
theory involved and which gives complete circuit diagrams. 

285. While for Successful Parallel Operation, it is not neces- 
sary that alternating-current generators (Fig. 194) be of the 
same type, output, and speed, it is universally conceded that 
the question of wave shape or form is important, since if the 
waves are of different shapes, cross-currents will always be 
present. Similar wave shapes are more readily obtained with 
machines of similar type. Satisfactory parallel operation, the 
previously mentioned conditions being fulfilled, consist in ob- 
taining: (1) Correct division of the load among the machines; 
and (2) Freedom from hunting. 

286. Division of Load.—Machines with similar character- 
istics tend to divide the common load uniformly. Such a pro- 
portional load division may be disturbed if the steam supply 
to the engines is defective or variable from any cause. The 
steam supply is regulated by the engine governors, and defects 
in one or more of these governors will give rise to poor load 
division. It is essential that the governors of all the engines 
shall have similar speed-regulation characteristics so that a 
sudden change in the load shall cause the same amount of 
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regulation on each engine. Correct load division is, therefore, 
essentially a problem of engine governor design. It is some- 
times arranged to govern all the engines from a common 
throttle valve, but this plan is not often employed. A more 
usual plan consists in running all the machines except one, with 
their stop valves full open and their governors fixed, so that 
the remaining engine may take up any variations in the com- 
mon load. 


2300 Volt 60 Cycle Bus 


eeeare Alternating 
<i Gurrent 
Ik Generators.._ 


Belteo 
Unit 
(Stearm) 


1000 kw. 
Gas Engine 
Ser 

(Direct 44 
Connected) (il 


Fic. 194.—Internal-combustion engine-driven alternator, operating in 
parallel with steam-engine driven machine, Shreveport, La., plant of the 
Southwestern Gas and Electric Company. (ELEectrric Wortp, July 4, . 


1914, page 37.) 

287. Varying the Voltage of an Alternator Running in Par- 
allel With Others by Adjusting Its Field Rheostat Will Not 
Vary the Load on It as With a Direct-current Generator.— 
To increase the energy delivered by an alternator it is neces- 
sary that the prime mover be caused to do more work. An 
engine should be given more steam or a waterwheel more 
water. 

288. Adjustment of Field Current.—When the rheostats of 
two alternators, running in parallel at normal speed, are not 
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adjusted to give a proper excitation, a cross-current will flow 
between the armatures. The intensity of this current depends 
only upon the difference in field excitation of the machines. 
It may vary over a wide range, from a minimum of zero when 
both field excitations are normal, to more than full-load cur- 
rent when they differ greatly. The effect of this cross-current 
is to increase the temperature of the armatures and, conse- 


Series Field Series steld 


Shunt Field Shunt field 


Fra. 195.—Two three-phase alternators of similar characteristics operat- 
ing in parallel. 


quently, to decrease the output of the generators. It is im- 
portant that the rheostats be so adjusted as to reduce it to a 
minimum. ‘This cross-current registers on the ammeters of 
both ‘generators and usually increases both readings. The 
sum of the ammeter readings will be a minimum when the 
idle or cross-current is zero. 

In general, the proper field current for a machine running 
in parallel with others is that which it would have if running 
alone and delivering its load at the same voltage. In order 
to determine the proper position of the rheostats it is neces- 
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sary to make trial adjustments after the alternators are par- 
alleled, until that position is found at which the sum of the 
alternating-current ammeter readings is a minimum. 


Exampie.—To illustrate this method consider two similar alternators, 
A and B, Fig. 195, operating in parallel. When the generator field 
rheostats of both are properly adjusted no cross-currents will flow through 
the armatures and the main ammeters (A, A, and A) will show equal 
readings if each machine is receiving the same amount of power from its 
prime mover. If the rheostat of A be partly cut in so as to reduce its 
field current, a cross-current, lagging in B and leading in A, will flow 
between the armatures, the effect of which will be to strengthen A’s 
magnetization and weaken B’s until they are approximately equal. The 
resultant e.m.f. of the system will thereby be lowered. 

On the other hand, if the rheostat of B be partly cut out so as to in- 
crease its field current, a cross-current leading in A and lagging in B 
will flow between the armatures, strengthening A’s magnetization and 
weakening B’s magnetization until they are again equal. The resultant 
e.m.f. of the system will thereby be raised. A cross-current of the same 
character is, therefore, produced by decreasing one field current or in- 
creasing the other, 7.e., in both cases it will lead in the first machine and 
lag in the second machine. The e.m.f. of the system will, however, be 
decreased in one case and increased in the other. 

It is obvious that by simultaneously adjusting the two rheostats, the 
strength of the cross-current may be varied considerably and the e.m.f. 
of the system maintained constant. 

For the first trial adjustment cut in A’s rheostat several notches and 
cut out B’s the same amount, so as not to vary the e.m.f. of the system. 
If this reduces the sum of the main ammeter readings, continue the 
adjustment in the same direction until the result is a minimum. After 
this point is reached a further adjustment of the rheostat in either 
direction will increase the ammeter readings. If the first adjustment 
increases the sum of the ammeter readings it is being made in the wrong 
direction, in which case move the rheostats back to the original positions 
and then cut out A’s rheostat and cut in B’s. If both adjustments 
increase the sum of the ammeter readings the original positions of the 
rheostats are the proper ones. 


In making these adjustments of the rheostats it may be 
found difficult to locate the exact points at which the cross- 
current is a minimum, as it may be possible to move the rheo- 
stats over a considerable range when near the correct positions 
without materially changing the ammeter readings. When 
the adjustment is carried this far, it is close enough for prac- 
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tical operation. If, the generators are provided with power- 
factor meters, the same result may be obtained by adjusting 
all these to read the same.. 

289. Hunting* is a term employed to describe the oscil- 
lations of the revolving masses of the machines when they are 
accelerated and retarded above and below the normal average 
speed. If this hunting or swinging be allowed to exceed a 
certain amount, the regulation of the machines becomes un- 
stable and they may break out of step. Freedom from cumu- 
lative hunting is consequently essential. The swinging action 
is set up primarily by variations in the rotative speed resulting 
from irregularity in the turning force. A perfectly uniform 
turning moment or turning force cannot be obtained with 
reciprocatingengines. The irregularity in the turning moment 
during a revolution results from the following causes: (1) 
Defective distribution of steam in eylinders. (2) Short con- 
necting rod. (3) Inertia of moving parts. 

If one of two machines running in parallel momentarily lags 
behind the other, its armature receives a current which tends 
to pull the machine into phase and accelerate it so that at 
the instant it reaches the correct phase position its speed is a 
little greater than that of the other machine, which is now in 
turn accelerated. The machines are now alternately lagging 
and leading with relation to one another. In other words, 
hunting is set up. 

Whichever engine is, for the instant, accelerating, will have 
its steam supply cut down by the governor. If the governor 
is too sensitive, it will over-govern, cutting down the steam 
and the speed too far. An instant later, the over-governing 
will be in the opposite sense, and this process will repeat itself. 
Similar occurrences will simultaneously be taking place on the 
other engine, and thus we have a case of hunting governors. 
By this hunting, the steam supply is rendered periodic and 
varies between two limits. 

290. Surging is the term used to designate the current 
variations during hunting. The case above described is an 
instance of hunting in the governors due to change of load and 
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to over-sensitiveness of the governors. If, however, the gov- 
ernors are sluggish, a time interval elapses between an acci- 
dental acceleration and its correction by the governor. This 
lag will, in response, tend to set up hunting. 

291. Prevention of Hunting.—The variations in turning 
moment and angular speed may be greatly reduced by the 
use of a heavy flywheel, as this tends to keep the rate of 
revolution uniform by virtue of storing energy and giving it 
out again during the course of each revolution. The flywheel, 
however, must not have too great a moment (that is, it must 
not be too big) as it adds to the inertia of the moving parts 
and may prolong hunting if once started. Hunting may some- 
times be overcome by damping the governor so that it shall 
not respond to small and quick variations in speed such as 
occur during one revolution, but shall only respond to steady 
and continued changes in speed. This result is obtained by 
fitting each governor with a suitable dash pot so that it is 
rendered more sluggish and will make no alteration in the 
steam supply except when the force acting on the governor 
is continued for some length of time. 

292. Liability to Hunt May Sometimes Be Prevented by 
Synchronizing the Engines so that the cranks on all the 
engines are in step, and the variations in turning moment are 
coincident in all the engines. This plan is sometimes effec- 
tive, so far as the prevention of hunting in the generating 
station is concerned, but it cannot always be utilized owing 
to the time taken to get the cranks in step, especially as an 
engine must be run up in a few minutes when the load is 
coming on quickly. It also is apt to intensify the hunting of 
the apparatus in distant substations. With steam turbine- 
driven generators, this hunting difficulty is rare—practically 
unknown—and the use of high and uniform speeds facilitates 
the problem of parallel running. 

293. The Tendency of Generators to Hunt May Be Mini- 
mized by fitting the pole-pieces of the field magnets with 
copper bands or ‘‘dampers”’ (see Fig. 240) in which eddy cur- 
rents are induced by the shifting and distortion of the field. 
These currents react on the field and oppose the shifting and 


188 ELECTRICAL MACHINERY [Arr. 294 


thus damp the oscillations. A suitable construction consists 
of agrid of copper embedded in the poleface. Itisveryseldom 
necessary to provide such ‘‘dampers”’ on pole-pieces of genera- 
tors for modern steam-engine or waterwheel drive. They 
are usually necessary for internal-combustion engine-driven 
generators. 

294. To Start a Single Alternator.*—(1) See that there is 
plenty of oil in the bearings and that the oil rings are free to 
turn and that all switches are open. (2) Start exciter and 
adjust for normal voltage. Start generator slowly. See that 
the oil rings are turning. (3) Permit the machine to reach 
normal speed. ‘Turn the generator field rheostat so that all 
of its resistance is in the field circuit. Close the field switch. 
(4) Adjust the rheostat of the exciter for the normal exciting 
voltage. Slowly increase the alternator voltage to normal by 
cutting out the resistance of the field rheostat. (5) Close the 
main switch. 

295. To Start an Alternator to Run in Parallel with Others. 
—(1) Bring the exciter and generator to speed as described in 
the above paragraph. Adjust the exciter voltage and close 
the field switch, the generator field resistance being allin. (2) 
Adjust the generator field resistance so that the generator 
voltage will be the same as the bus-bar voltage. (3) Syn- 
chronize, as outlined in Art. 277. Close the main switch. 
(4) Adjust the field rheostat until cross-currents (Art. 288) 
are a minimum and adjust the governors of the prime movers 
so that the load will be properly distributed between the oper- 
ating units in proportion to their capacities. 

296. To Cut Out a Generator Which is Running in Parallel 
with Others.*—(1) Preferably cut down the driving power 
until it is just sufficient to run the generator with no-load. 
This will reduce the load on the generator. (2) Adjust the 
resistance in the field circuit until the armature current is a 
minimum. (3) Open the main switch. It is usually sufficient, 
however, to simply disconnect the machine from the bus- 
bars, thereby throwing all the load on the remaining machine 
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without having made any previous adjustment of the load or 
of the field current. Caution.—The field circuit of a generator 
to be disconnected from the bus-bars must not be opened before 
the main switch has been opened; for, if the field circuit be 
opened first, a heavy current will flow between the armatures. 


SECTION 8 


PRINCIPLES, CONSTRUCTION AND CHARACTERISTICS 
OF INDUCTION AND REPULSION MOTORS 


297. The Principle of Operation of the Induction Motor is 
illustrated in Fig. 196, which indicates diagrammatically a 
two-phase revolving-field generator and a two-phase induction 
motor having a rotor that is simply a bar of iron. The in- 
duction motor depends for its operation on a rotating magnetic 
field. There is no electrical connection between the revolving 
and stationary parts of an induction motor. Windings of the 
types shown in the illustration are not used in commercial 
machines, but the general theory involved is the same as with 
commercial windings. The revolving field (see illustration) of 
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Fic. 196.—TIllustrating the principle of the induction motor. 


the generator, in turning in the direction shown by the arrow, 
generates a two-phase current which is transmitted to the 
motor. For a more extended explanation of the operating 
principles of induction motors see the author’s PRacTIcaL 
Evectrricity. What then occurs may be explained thus: 


EXPLANATION.—The current, in conductors of one phase, magnetizes 
poles A and B and that in the other phase the poles Cand D. The wind- 
ing is so arranged that a current entering at A will at a given instant 
produce a south pole at A and a north pole at B. At the instant shown 
at I, the motor poles A and B are magnetized while poles C and D are 
not, because it is a property of a two-phase circuit that when the current 
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in one of the phases is at a maximum value, the current in the other 
phase is at a zero value. Hence, the bar iron rotor will assume the 
vertical position shown. 

At another later instant, represented at J/, the currents in both of 
the phases are equal and in the same direction; the motor poles will 
be magnetized as shown and the rotor will be drawn into the position 
indicated. At the instant illustrated at 1/7, because of the properties 
of two-phase currents, there is no current in the phase the conductors of 
which are wound on poles A and B, but the current in the phase the 
conductors of which magnetize poles C and D, is a maximum. Hence 
the rotor is now drawn into a horizontal position. Similar action occurs 
during successive instants and the rotor will be caused to rotate in the 
same direction within the motor frame so long as the two-phase current 
is applied to the motor terminals. Considering it in one way, the rotat- 
ing magnetic field rotates within the motor frame and drags the rotor 
around with it. 

The magnetic attraction or drag exerted on the rotor in a simple motor 
built as illustrated would be pulsating in effect, hence the torque exerted 
by such a motor would not be uniform. 


298. Commercial Induction Motors operate because of the 
principles outlined in Art. 299, but their construction is consid- 
erably different from that shown in Fig. 196. In commercial 
induction motors the stator or primary winding is distributed 
over the entire inner surface of that portion of the stator 
structure which is of laminated iron and which conducts the 
magnetic flux. The rotor consists of a laminated iron cylinder 
which has a winding of insulated wire or of copper rods or 
bars embedded in slots uniformly spaced around the periphery 
of the core. Where bars ‘or rods are used they are short-cir- 
cuited at both ends by heavy copper conductors forming a 
completely short-circuited rotor. 

299. In the Commercial Induction Motor the Magnetic 
Field of the Rotor Which Reacts on the Magnetic Field of 
the Stator is Produced by Currents in the Rotor Conductors. 
—These currents are generated by the rotor conductors being 
cut by the lines of force of the rotating field which was de- 
scribed in a preceding paragraph. Consider a polyphase in- 
duction motor with its rotor at rest. Now connect a source 
of the proper polyphase current to the motor terminals thereby 
energizing the stator winding. A rotating magnetic field will 
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be produced by the stator winding. As this magnetic field 
swings around within the stator structure it will cut the copper 
bars imbedded in the surface of the rotor. Currents will 
thereby be induced in the bars and these currents will gen- 
erate magnetic fields around and within the rotor. Due to 
the interaction between the rotor and stator magnetic fields, 
rotation of the rotor will be produced. 

It is, therefore, evident that the turning speed (revolutions 
per minute) of the rotor can never be quite equal to that of 
the rotating magnetic field as 
there must always be a suffi- 
.cient difference in speed or 
“slip” (Art. 317) that the 
rotoc conductors will be cut 
by the lines of force of the 
rotating field. Obviously, if 
the rotor speed were the same 
as that of the revolving field, 
no lines of force could be cut 
by rotor conductors and there 
would not be sufficient mag-— 
netic interaction between the 
stator and rotor fields to pro- 
duce rotation of the rotor and 
pulla load. The intensity of 
—— the current induced in the 
-Sliole Rol “Ball Thrust Bearin 

Bie. 297'—Sectional aimee of SE ane NTO the 
a Westinghouse, vertical, induction torque, 1s determined by the 
cement-mill, motor (220 volts, gmount of “slip”? between the 
three-phase, 60 cycles). F 

rotor and the rotating mag- 
netic field. The greater the torque required, the greater will 
be the slip. 

300. Special Alternating-current Motors of various types 
are manufactured. Examples of these are the types adapted 
for paper mill, textile mill, cement mill, (Figs. 197 and 198) 
mining and other purposes. The vertical cement-mill motor 
illustrated is manufactured in capacities of from 75 to 200 
h.p. and operates at 940 r.p.m. 
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301. General Characteristics of Polyphase Squirrel-cage 
Induction Motors.—Their speed is practically constant at all 


loads. Hence they are used for constant-speed service where 


starting and reversing are infrequent. The starting torque is 
relatively small and a large starting current, 2 to 6 times full- 
load current, depending on the design of the motor, is drawn 
from the line if the motor must start full-load torque. Simple 
and rugged construction is a feature of these motors, the bear- 
ings being the only parts subject to wear. Since there are no 
sliding electrical contacts there 
can be no sparking and the 
motors are, therefore, particu- 
larly suitable for operation in 
places where there are inflam- 
mable gases or dust. 

If the resistance of the rotor 
be increased the motor can be 
built, in the smaller capacities, 
for high starting torque, rapid 
acceleration, and frequent star- 
ting. Motors built thus can be 
profitably used for operating 
punches, shears and the like, 
where simplicity of control is 
desirable, as with them a large 


drop in speed produces but a_, Fic. 198. Photographic repro- 
duction of Westinghouse vertical 


* slight increase in torque, per- cement-mill motor. 


mitting the stored energy in 
the flywheel to be delivered to the machine when a heavy load 
occurs. In this respect such an induction motor resembles a 
compound-wound direct-current motor. Ifthe torque imposed 
on any induction motor reaches 2 to 4 times full-load torque 
the motor will stop or ‘‘pull-out.”” See Art. 313. Since the 
output and torque of an induction motor varies as the square 
of the applied voltage it is desirable to maintain the voltage 
at normal value. 

302. The Electrical Behavior of the Polyphase Induction 
Motor on the input side is the exact electro-magnetic equivalent 

13 
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of a stationary transformer with a large amount of magnetic - 
leakage between the primary and the secondary coils. On its 
output side the polyphase induction motor is the exact electro- © 
mechanical equivalent of the continuous-current shunt-wound 
motor with a large value of ‘‘armature reaction.” The con- 
necting link between the output and the input sides is the 
magnetic field, which may be considered as two or more super- 
posed magnetic fields stationary with reference to each primary 
coil but alternating in value at the supply frequency, or it 
may with equal accuracy and convenience be considered as 
a single resultant field, of practically constant strength, but 
revolving in space with reference to the primary circuit. 

303. Factors Affecting the Performance of the Induction 
Motor.*—The greater the maximum output or breaking-down 
point in a given size of motor, the poorer its efficiency, power- 
factor, etc.,at normalload. Toget excellent all-round results it 
is desirable to choose a reasonable value for the maximum output 
ofthemotor. ‘The characteristics interesting toa purchaser are: 

1. Efficiency, that is, the ratio of the energy given out by 
the motor to the energy put in. 

2. Maximum output, that is, the greatest horsepower that 
the motor will carry without unduly slowing down, or perhaps 
stopping altogether. 

3. Current taken at the instant of starting, sometimes called 
impedance current. When the switch is closed, impressing 
e.m.f. on an induction motor, there is (unless provisions are 
adopted to prevent it) a rush of current which may cause dis- - 
turbances of voltage on the line to which the motor is con- 
nected, thus giving occasion for complaints, especially if the 
circuit is supplying lights. If no lights are on the circuit, the 
disturbance may extend to other motors on the circuit, Cale 
trouble with them. 

4. Current Taken when Running without Load.—With an in- 
duction motor, the field is produced by a current drawn from 
the line through the same wires that supply the energy. This — 
current, called the magnetizing or wattless current, lags behind 
the electromotive force, and pulls down the voltage of the 

*From Raymond’s Motor TROUBLEs, 
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circuit, from which it flows, to a much greater extent than does 
an energy current, so that it is desirable to have as small a 
magnetizing current as possible. For a well-designed station- 
ary motor for ordinary purposes, this no-load current should 
be not over 30 per cent. of the total full-load current. 

5. The power-factor, see the author’s PracticaL ELEcrricity, 
which is the ratio of the component of the current, represent- 
ing energy, to the total current flowing into the motor (the 
total current being the resultant sum of the energy current and 
the magnetizing current). Thus, in a motor taking 1,500 watts 
per phase (about 2 h.p.), at 100 volts per phase with a mag- 
netizing current of 6 amp. per phase, the total current per phase 
flowing into the motor is found approximately as follows: 


2 
(56) Total current = ./6? + aL = 16 amp. 
100 


Exampity.—Let 1, 2, Fig. 199, equal the electromotive force applied 
to the phase; let 1, 5 represent, in direction and in length, the energy 
component of the current, and 1, 4 
the magnetizing current; then line 4 -------------5 5: 

1, 3 represents the total current, or Magnetizin aes 
resultant of the currents 1,4 and1, “7” 

5. This combination of currents is VEvergy Component 5 "> 
characteristic of alternating circuits. pan 10G=—Phneerclaoeceee 
That is, currents combine directly yents in an alternating-current 
only when in phase. When not in motor. 

phase, their resultant is obtained 

with the parallelogram of forces, as shown with 1, 4 and 1, 5 in Fig. 
199. The power-factor, therefore, is the ratio of the line; 1, 5 to 1, 3, or 
the ratio of the energy component of the current to the total current and 
this can be roughly estimated as shown. 


304. Loss of Efficiency of an Induction Motor at Reduced 
Speeds.*—When an induction motor is operated at reduced 
speeds by increasing the slip, as by increasing the secondary 
resistance or decreasing the primary voltage, the efficiency is 
lowered by an amount nearly proportional to the speed reduc- 
tion, as expressed by the formula: 

100 — Sz 
a Es = Ei(i99— g) 

* B. G. Lamme, National Electric Light Association Convention, Niagara Falls, June, 

1897. 


(efficiency) 
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in which E, = the efficiency of the motor when running at a 
given torque and a slip S;. E,: = the efficiency when the 
motor is developing the same torque but with a different slip 
Ss, efficiencies and slips being expressed in per cent. 


EXxAMPLE.—Suppose a given 60-cycle, 8-pole motor with a synchronous 
speed of 900 r.p.m. has a normal full-load speed of 855 r.p.m. (slip 5 per 
cent.) and an efficiency of 90 per cent., the efficiency at 810 r. P. m. (slip 
10 per cent. ) with full-load torque will be: 


2 = 90 Cos) = 90 X = 85.2 per cent. 

305. Effect of Changes in Voltage and Frequency on Induc- 
tion-motor Operation. *—Some variations from normal voltage 
and frequency are generally permissible with any induction 
motor, but such variations are always accompanied by changes 
from normal performance. With either the voltage or the 
frequency differing from normal the following performance 
changes must be expected: 


Conditions Power-factor Torque Slip 
Voltage high Decreased | Increased | Decreased 
Voltage low Increased | Decreased | Increased 
Frequency high | Increased’ | Decreased | Per cent. slip un- 

changed. 
Frequency low Decreased | Increased | Per cent. slip un- 
changed. 


Usually a variation of either voltage or frequency not ex- 
ceeding 10 per cent. is permissible, and within this limit the 
efficiency remains approximately unchanged. The voltage and 
frequency should not be varied simultaneously in opposite 
directions, that is, one decreased and the other increased. If 
an induction motor must operate on frequency other than stand- 
ard, the performance will be better if the voltage is changed 
in proportion to the square root of the frequency. Thus a 400- 
volt, 60-cycle motor operating on 662 cycles will have very 


* Westinghouse Elec. & Manfg. Co. Insrrucrion Book. 
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nearly its normal operating characteristics if the voltage is 
raised to: 

6674 
400 0 
low normal is seldom permissible on account of resulting in- 
creased temperature rises. 

306. Tables of Performance Data for Polyphase Induction 
Motors of standard capacities ranging from 14 to 200 h.p., are 
given in the author’s American ELecrricians’ HANDBOOK. 
In these tables are shown the synchronous speeds, per cent. 
slips, approximate full-load speeds, full-load currents, starting 
currents, starting torques, efficiencies and power-factors for 
the motors of the various ratings and standard voltages. 

307. Performance Guarantees on Alternating-current 
Motors are now usually made on the so-called “‘normal”’ basis. 
However, it is probable that all motors made in this country 
will shortly be rated on the continuous (Art. 47a) basis. The 
normal rating usually given these motors specifies that they 
will operate continuously at their horse-power rated (name- 
plate) outputs with a temperature rise not to exceed 40 deg. 
C. and furthermore that they will operate at a 25 per cent. 
overload for two hours with a temperature rise not to exceed ° 
55 deg. C. All of the above temperature rises are based on 
a “room” reference or ambient (Art. 47b) temperature of 25 
deg. C. 

308. Characteristics of Polyphase Induction Motors Having 
Wound Rotors and Internal Starting Resistance.—Motors of 
this type of the ordinary design give about 114 times full-load 
torque with approximately 1/4 times full-load current, making 
them suitable for use on lighting circuits and for other applica- 
tions where a minimum starting current is desirable. In gen- 
eral, motors of this type are not built in capacities exceeding 
200 h.p. because of the mechanical difficulties encountered in 
arranging the internal resistance. 

309. Compared with the Squirrel-cage Motor, One with a 
Wound Rotor and internal resistance will develop a greater 
starting torque per ampere, but it should not be used for ap- 
plications involving great inertia or excessive static friction. 


= 442 volts. Decreasing the voltage much be- 
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If used for such applications, full starting current may be re- 
quired for a considerable period before the apparatus attains 
full speed. Since the capacity of the internal resistance is 
small, excessive temperatures may result and cause trouble. 
310. Characteristics of Polyphase Slip-ring or Wound-rotor 
Induction Motors Having External Starting Resistance.— 
These motors have insulated wire or bar windings on the rotor 
and are provided with collector rings whereby an external 
resistance can be connected in the rotor circuit. The speed 
of the motor can be varied by varying the amount of external 
resistance in the rotor circuit. These motors may be used in 
moderate and large capacities for nearly all variable-speed ap- 
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Fia. 200.—Typical performance Fic. 201.—Performance graphs 
graphs of a 20-h.p., three-phase in- of the motor shown in Fig. 202, 
duction motor. / when running single-phase. 


plications. They are also used for constant-speed applications 
where the starting current must be low. The motors operate 
with characteristics similar to those of direct-current motors 
having resistance in the armature circuit. When the external 
resistance is short-circuited, the motors really become squirrel- 
cage machines and operate with the characteristics of such 
machines. 

311. Characteristic Graphs of the Induction Motor.—Those 
of Fig. 200 are fairly typical of the average commercial in- 
duction motor. It will be noted that the normal rating of the 
motor is taken at such a point that both the power-factor 
and the efficiency are the highest possible. The motor could 
be so designed that either the power-factor or the efficiency, | 
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but not both, could be higher than shown at normal load, 
but the design of an induction motor is a compromise result- 
ing in the best efficiency and power-factor obtainable with suit- 
able overload and starting characteristics. Fig. 201 shows the 
curves of the same motor running single-phase. 

312. The Torque Graphs of an Induction Motor with a 
Wound Rotor, from rest to synchronism, running both three- 
phase and single-phase with resistance and without resistance, 
are shown in Fig. 202. Graph A shows the torque from rest 
to synchronism without resistance in the rotor circuit. If 
resistance is inserted, graph B is obtained and the starting 
torque is 440 lb. against 170 lb. without resistance. It should 


ese 
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Fie. 202.—Torque graphs of a 30- Fia. 203.—Torque graph of a 1- 
h.p. induction motor. h.p., three-phase induction motor, 
running single-phase. 


be noted that the ‘pounds torque” values given in the graphs 
of Figs. 202 to 205 represent the pounds torque at a 1-ft. 
radius and are, therefore, equivalent to ‘“pound-foot torque. 
See Art. 238, Graph C indicates the torque where too much 
resistance is used in the rotor. Graph JF illustrates the 
torque single-phase, which is zero at starting. An induction 
motor starts as shows on graph B until it reaches the point 
F, when the resistance is cut out and the motor adjusts 
itself to its operating position at G. Thus, if the torque re- 
quired of the motor for which the graph is shown, is greater 
than 440 lb., shown at H, the motor will break down and 
come to rest. With the resistance in the rotor, a starting 
torque of 440 Ib. is available, but this load cannot be brought 
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up to normal speed. The motor can only bring the torque 
represented by the point F, in other words 290 lb., up to 
normal speed. 

In Fig. 203 it will be noted that the torque of a three- 
phase motor running single-phase at starting is zero, rising to 
a maximum and reaching zero at synchronism. This means 
that an induction motor never runs at synchronous speed. 
The three-phase motor, Fig. 204, starts with a reasonable 
torque, reaches its maximum output and goes to zero again 
at synchronism. 

Figs. 204 and 205 show the torque curves of squirrel-cage 
motors without resistance in the rotor circuit. With resistance 
inserted in the armature, the torque is greater at starting and 
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L | 
|_| 
SSL 


10 20 30 40 50 60 70 80 90 100 
Per cent Synchronism. 

Fic. 204.—Torque graph of a 20- Fria. 205.—Torque graph of a 1- 

h.p., three-phase induction motor. h.p., three-phase induction motor. 
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less later. This is the reason that it is advantageous to in- 
troduce resistance at starting and cut it out as synchronism 
is approached. 

313. The Pull-out Torque of an Induction Motor.—All in- 
duction motors will “pull out” at some certain torque if they 
-are overloaded. The “‘puil-out”’ limit—the maximum torque 
that can be developed—is that point at which further increase 
in torque will cause the motor speed to decrease rapidly and 
then to stop. This point is usually at between 2 and 4 times 
the full-load rated torque, depending on the design and the 
capacity of the motor. See the typical induction-motor curve, 
Fig. 200. 

314. Starting Torque and Starting Current of Alternating- 
current Motors.*—In what follows the starting torque is ex- 

*F. D. Newbury, N. E. L. A. Convention Paper, 1911. 
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pressed in terms of the full-load torque, and the starting cur- 
rent in terms of the full-load current. Thesmaller values given 
for synchronous motors cover the requirements of motor-gen- 
erator sets and air compressors and pumps when the apparatus 
can be started without load. The larger values refer to 
motors for driving pumps and fans, which must be started 
under practically full-load conditions. The wide variation in 
the starting current comes from differences in construction of 
the motor or differences in the proportions of the motor, since, 
by increasing the size and cost of synchronous motors, the 
starting performances can be materially improved. 

SINGLE-PHASE INDUCTION MOTORS, WITH CLUTCH, SPLIT-PHASE 
STARTER.—Starting torque, 1 to 114, starting current, 41% to 6. 

SINGLE-PHASE INDUCTION MOTORS, WITHOUT CLUTCH, SPLIT- 
PHASE STARTER.—Starting torque, 2; starting current, 314 to 
41s. 

POLYPHASE INDUCTION MOTORS, CAGE-WOUND TYPE, AUTO- 
TRANSFORMER STARTER.—Starting torque, 2; starting current, 
7 to 8. 

POLYPHASE INDUCTION MOTORS, WOUND-ROTOR TYPE, STEP- 
BY-STEP RESISTANCE STARTER.—Starting torque; 1; starting 
current, 114. Starting torque, 2; starting current, 214. 

SYNCHRONOUS MOTORS, AUTO-TRANSFORMER STARTER.— 
Starting torque, 0.3 to 0.5; starting current, 114 to 24. 
Starting torque, 0.7 to 1; starting current, 4 to 8. 

ROTARY CONVERTERS, AUTO-TRANSFORMER STARTER.—Start- 
ing torque, 0.2; starting current, 144. Starting torque, suffi- . 
cient to start itself. 

315. The Relations Between Speed, Frequency and Number 
of Poles of an Alternating-current Motor of the Synchronous 
or Induction Type follows from the equation for alternating- 
current generators given in Art. 253. For synchronous motors, 
these equations of Art. 253 are correct, but for induction motors 
which do not, when loaded, operate at synchronous speeds, 
the following formulas should be used: 


120 X f X (1.00 — s) 
P 


(58) r.p.m. = (speed) 
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es Pe f 
he I = 790 x 1.00 — 8) Gre 
= matey Xx 1.p.m. F 
(60) s = 1,00 “120 Xf (slip) 
(61) p= 120 ae A (number of poles) 


r.p.M. 


Wherein, f = frequency in cycles per second. r.p.m. = revo- 
lutions per minute of rotor. »~ = number of poles. s = the 
slip, expressed decimally. The method of determining slip is 
described in Art. 317. In the author’s American ELEcTRI- 
cIANS’ HANDBOOK will be found a table showing the per cent. 
slip at full-load for 25- and 60-cycle motors of the commonly 
used capacities and speeds. 

ExampLe.—What will be the speed of a 6-pole, 60-cycle, induction 
motor at full-load, if its full-load slip jis known to be 7 per cent.? 
SoLution.—Substitute in the equation (1): r.p.m. = (120 X f x [1.00 
— s]) + 6 = (120 x 60 X [1.00 — 0.07]) +6 = 6,696 + 6 =1,116r.p.m. 

316. Speed Regulation of Induction Motors. Slip.—The 
speed regulation is the percentage drop in speed between no- 
load and full-load based on the maximum speed; it is usually 
called the ‘‘slip.”” The ‘“‘slip” at full-load is usually about 5 
to 7 per cent. At other loads it is approximately proportional — 
to the load, therefore, at twice full-load the drop in speed will 
be approximately 10 to 15 per cent. Refer to the author’s 
AMERICAN ELEectRiciANS’ HanpBoox for a table showing the 
slips to be expected from commercial induction motors. 

317. The Slip of an Induction Motor is the ratio of the 
difference between the rotating magnetic-field speed (revolu- 
tions per minute or angular velocity) and the rotor speed to 
the rotating magnetic-field speed. The speed of the rotating 
magnetic field is equivalent to the synchronous speed (Art. 
253) of the machine (see table of synchronous speeds in the 
AMERICAN Evecrricians’ HanpBoox) which is determined by 
the frequency of the current and the number of poles of the 
machine. Then: 


(62) Slip = synchronous speed — actual speed 
synchronous speed 
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When there is no load on a motor the slip is very small, 
that is, the rotor speed is practically equal to the synchronous 
speed. 


Exampiy.—What is the slip at full-load of a 4-pole, 60-cycle induction 
motor which has a full-load speed of 1,700 r._pm. Sonutrion.—From 
formula 23 the speed of the rotating field or the synchronous speed of 
a 4-pole, 60-cycle motor is 1,800 r.p.m. Then substituting in the above 
formula: ; 


Ship = sync. speed — act. speed — 1,800 — 1,700 __100 
i sync. speed = 1200) rs 1,500 


Therefore the slip is 5.5 per cent. The voltage of the motor or whether 
it is single-phase, two-phase, or three-phase are not factors in the 
problem. 


318. The Induction Motor Inherently a Constant-speed 
Motor. The Regenerative Feature.*—A characteristic of the 
induction motor is that it tends to rotate at a definite syn- 
chronous speed irrespective of whether the motor is driving or 
being driven, providing there is no starting resistance in the 
rotor circuit. For illustration, when a load is being lowered 
and the motor is connected to a source of energy, it acts as an 
alternating-current generator, the descending load furnishing 
the driving power. The motor delivers energy to the line. 
When load is being raised the motor absorbs energy from the 
line. This returning of energy to the line by a motor is termed 
regeneration. Consider an installation where cars loaded with 
ore are lowered down a slope on arailroad and the empty cars 
are hoisted back. The motor delivers about as much power 
to the line when lowering as it consumes when hoisting, with 
the result that practically no energy is consumed in operating 
the system. The proof of this is that the watt-hour meter 
for such an installation runs backward about as much as it 
runs forward. 


= 5.5 per cent. 


Exampiye.—Another interesting example is a balanced passenger hoist 
wherein the passenger cars run over varying grades and sometimes one 
is loaded, at other times the other is loaded. The cars, when equipped 
with induction motors connected to a source of energy, run at a practi- 
cally uniform speed without the use of brakes, whether the load overhauls 
the motor or not. This characteristic will not obtain if starting resist- 


* PRACTICAL ENGINEER. 
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ance is included in the rotor circuit, for then the motor will slow down 
when it is delivering power to the cars and will operate at an overspeed 
if the cars are delivering power to the motor. 

319. To Compute Either the Horse-power Output, Current, 
Voltage, Power-factor or Efficiency of any Three-phase, Al- 
ternating-current Motor, the other quantities being known, 
one of the following formulas may be used: 


_ Hs X: 1h pf 


(63) h.p.o 730.7 (horse-power) 
(64) Ez; = ye A TE (volts) 
(65) i= fe ot (amperes) 
(66) pf. = ea (power-factor) 
(67) = Ore (efficiency) 


Wherein, h.p.. = power output of the motorin horsepower. £3 
= voltage between any two of 
the three wires of the balanced 
three-phase system. J3 = cur- 
| rent, in amperes, in each of the 
| three wires of the three-phase 
P system. p.f. = power-factor of 
the motor, expressed decimally. 
E = efficiency of the motor, ex- 
Fic. 206.—Example in deter- pressed decimally. 


mining horsepowe tput of 2 . 
aes phase fee ih ea ExAmMpLe.— What will be the horse- 


power output of a 220-volt, three- 
phase induction motor, Fig. 206, if its efficiency at full-load is known 
to be 87 per cent., its full-load power-factor 85 per cent., and its full- 
load current 88 amp.? Soiution.—Substitute in equation (63): 
h.p.o = (Hs X Is X pf. XE) + 430.7 = (220 X 88 X 0.85 X 0.87) + 
430.7 = 14,316.72 + 430.7 = 33.2 h.p. 

ExampLe.—The three-phase induction motor shown in Fig. 207 is 
known to be delivering 50 h.p. at the pulley, P. The impressed e.mf. 
is 440 volts. The power-factor at this load is known to be 86 per cent. 
and the efficiency 90 per cent. What current is being taken by the 
motor under these conditions? Soxturion.—Substitute in equation (65): 


‘Ammeters 
Read 88 Amp» 


Voltmeters” GES 
Read 220-Volts 
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Ts = (h.po X 430.7) + (Bs X pf. X E) = (50 X 430.7) + (440 X 0.86 
X 0.90) = 21,5385 + 340.56 = 63.2 amp. 

Exampie.—The full-load output of the 220-volt, three-phase induc- 
tion motor shown in Fig. 208 was found by the Prony brake test to be 
35 h.p. Under these conditions the efficiency was 88 per cent., and the 
motor took 88 amp. in each of the three-phase wires. What was its 


Voltmeters 


~Ammeters Driven ers hk 
_ Currents -- Three-Phase Motor : 


Power Factor= 86 Yo 
Efficiency = 90° 


*-sDelivering 50 h.p. Here 


Vig. 207.—Example in computing current taken by three-phase motor. 


power-factor under these conditions? SoLurion.—Substitute in equation 
(66): pf. = (h.p.o X 480.7) + Us X Es X E) = (85 X 430.7) + (88 
x 220 X 0.88) = 15,074.5 + 17,036.8 = 0.884. Hence, the power- 
factor of this motor at 35 h.p. is 88.4 per cent. 

77 Three -Phase Induction 


Motor Delivering 35hpatan 
Efficiency of 88 per cent 


Noltmeters 
{Read220 Vr 


--Ammeters 


‘-LeverArm i 
Pony Brake’ 


Fig. 208.—Example in determining by test the power factor of a three- 
three-phase induction motor. 


320. To Compute Either the Horse-power Output, Current, 
Voltage, Power-factor or Efficiency of any Two-phase Alter- 
nating-current Motor, the other quantities being known, the 
following formula, or one derived from it, may be used: 

E. ps4 T, Dx Dlx x E 

373 , 
Wherein, all of the symbols have the same meanings as in Art. 
319, except that H, = (for a four-wire, two-phase system), 
voltage between phase wires, and (for a three-wire, two-phase 
system) = 0.707 X voltage between each phase wire and the 
neutral. 


(horse-power) 


(68) h.peo = 
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322. Single-phase Motors of the types ordinarily manufac- 
tured and used in power practice may be arbitrarily classified 
into four different groups as shown in Table 321. No at- 
tempt is made herein to consider single-phase railway motors. 
Other classifications can be made which may, for some pur- 
poses, be preferable to the one shown. No generally adopted 
standard of classification is available at present. However, 
it is understood that the Electric Power Club and other 
electrical societies codperating in an endeavor to compile a 
classification of single-phase power motors which will, doubt- 
less, ultimately be adopted as a standard classification in 
this country. 

323. A Single-phase Induction Motor pure and simple 
(classification la in 321) develops no starting torque when 
its rotor zs not revolving. However, if the revolution of the 
motor is started by some means or other, there is a certain 
interaction of magnetic fields whereby there is exerted on the 
shaft a continuous turning effort. While a single-phase in- 
duction motor may be started by hand by giving the rotor a 
twist, obviously, such a method of starting a motor is not 
feasible for commercial machines; hence others, whereby the 
motor can be started automatically, are adopted in practice. 
All of these methods of automatic starting (except that using 
a shading coil, Art. 330) involve electromagnetic interactions 
of some sort which occur—with the so-called straight induc- 
tion motors—only during the starting period. In this dis- 
cussion, when a straight single-phase induction motor is 
referred to, the term is used to designate one with a squirrel- 
cage rotor. After the motor is started it then operates as 
a single-phase induction motor, pure and simple. These 
methods of starting may be classified thus: (1) split-phase 
method; (2) shading coil. 

324. In the Split-phase Method of Starting a Single-phase 
Induction Motor, the motor (Figs. 209, 210, 211 and 212) is, 
in practice, provided with two distinct windings. called the 
starting and the running windings (A and W, respectively, 
Fig.211). Thestarting winding circuit isso arranged that it has 
considerably more inductance, resistance or capacity—usually 
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resistance—than had the running winding. Furthermore, the 
starting winding is displaced in the stator by 90 electrical 
degrees, as shown in Fig. 211, from the running winding. Due 
to the excess of inductance, resistance or capacity the current 
in the starting winding will differ 
considerably in phase from the 
current in the running winding. 
Because of this condition, and of 
the relative positions of the two 
windings, a rotating field is pro- 
duced in the motor during the 
starting period, somewhat simi- 
lar to the rotating field produced 
in a two-phase induction motor. 

325. In Practice the Running 
Winding, Figs. 211 and 212, usu- 

Fic. 209.—Typical construc- lly consist of a considerable 
tion of a split-phase-starting, number of turns of large wire, 
ginglc Paasc snotor: well distributed over the stator. 
Practically all of the split-phase motors on the market use a 
starting-winding circuit of highresistance. Hence, thestarting 
winding, ordinarily consists of fine wire, thus giving this wind- 
ing a high resistance. In fan motors of some designs an in- 
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Fie. 210.—A disassembled view of a split-phase-starting motor. 


ductance coil mounted in the base of the motor is connected in 
series with the starting winding to provide the necessary induc- 
tance. The running winding remains in circuit at all times 
when the motor is not in operation. But the starting winding 
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remains in circuit only until the speed of the rotor appoaches 
synchronous speed. When thisspeed is attained then the rotor 
winding should be cut out, an automatic centrifugal switch (Fig. 
212 and Fig. 211, S;, S:) operates. This opens the starting cir- 


Wi ‘ uy = . a ° 
inding 7 “=< Running Winding 


Ge 


“Squirrel! -Ca 
Rotor. 


~—~Starting 
Windiings. 


AC Line 


1-Elements 


me isar: 
Fia. 211.—Diagrammatic representations of ‘“‘straight’’ single-phase 
induction motor, 


cuit and then the motor continues to operate as a squirrel- 
cage induction motor, solely by virtue of its running winding 
and circuit and its squirrel-cage rotor. In small single-phase 
induction motors of certain manufacture, the squirrel-cage 
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Fig. 212.—Single-phase-motor diagram. 


element is arranged in the stator and the running and starting 
windings are arranged on the rotor. 
326. The Principle of the Split-phase Method of Starting 


is illustrated in Fig. 213, which shows an explanatory diagram 
14 
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and not a commercial motor. In starting one of these motors, 
first the main switch, M, is closed, which excites the running 
winding, W. However, with only this running winding ex- 
cited, the motor will not, of itself, start, but if now the start- 
ing switch § is closed, which energizes the starting winding, 
A, which has in series with it the resistance, R, the rotating- 
field effect referred to above is thereby produced in the machine 
and the rotor will commence to 
revolve. When the motor 
attains aspeed which approaches 
synchronous speed, the switch 
S may then be opened and the 
motor will continue to operate as 
an induction motor. 

327. The Split-phase Method 
of Starting Induction Motors is 
Used Only for Motors of Small 
Capacity.— Most of the induction 
fan motors and the fractional 
horse-power motors employ this 
|} method of starting. However, 
| the repulsion method of starting 
(Art. 336) is now being used to 
some extent for starting frac- 
tional horse-power motors be- 
; cause of the more desirable star- 
Squirrel-Cage Rotor) ting characteristics which it 


ae yee ake sue affords. 
phase motor with an externa ° 
starting reactarice. 328. As to the Starting 


Torque, Starting Current and 
Speed Regulation of Single-phase, Phase-splitting-starting In- 
duction Motors, they are suitable for applications for which the 
starting torque required is not over 150 per cent. of full-load 
torque. The starting current for a motor designed to develop 
150 per cent. full-load torque is approximately 550 per cent. 
of full-load current. The maximum torque is from 200 to 250 
per cent. of the full-load torque. The speed regulation 
from no-load to full-load is good—better than with the 
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polyphase motor. In general, however, the efficiency, pow- 
er-factor and maximum torque are not as good as in cor- 
responding polyphase motors. They are suited only for 
driving machinery requiring relatively small starting torque. 

329. The Condenser-compensator Method of Starting 
Single-phase Induction Motors (Fig. 214) is an example of 
the split-phase method of starting whereby permittance or 
capacity (capacitance) is introduced in the starting circuit. 
The rotor is of the squirrel-cage type. ‘Two terminals (Fig. 
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Fie. 214.—A _ single- Fra. 215.—Diagrams of split-phase- 
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motor witha condenser start- ing capacity in the starting circuit. 

ing arrangement. 


215), A: and B, of the stator winding, which is esentially simi- 
lar to a standard three-phase winding are connected to the 
supply mains. The third terminal, Ci, of the stator wind- 
ing is connected to the line through a transformer as shown 
in J or through an auto-transformer (or compensator), as 
shown in JZ. The main to which the lead, LZ, or Le, from the 
transformer or auto-transformer is connected is determined 
by the direction of rotation desired. A condenser or per- 
mitter, P:, is also connected across the auto-transformer, as 
shown in the illustration; to provide permittance or capacity. 
The motor is started with both switches, M and S, closed, but 
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when it has attained a speed approaching synchronism, 
the starting winding is cut out (by operating the switch, S) 
and the motor then continues to operate on the running wind- 
ing only. This method, which is due to Steinmetz, is seldom, 
if ever, now used commercially but is of theoretical interest. 

330. The Shading-coil Method of Starting Induction Mo- 
tors is illustrated in Figs. 216 and 217. The face of each 
pole of a machine which has been designed to be started by 
this method has arranged in it a small short-circuited copper- 
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Fig. 216.—Illustrating the applica- Fie. 217.—TIllustrating the 
tion of shading coils in single-phase principle of the shading coil. 
motors. 


bar winding called a shading coil, which encircles a portion of 
the pole. When the alternating flux passes through the pole, 
it induces a current in the shading soil, S, Fig. 217, which, by 
virtue of Lenz’s law, tends to oppose the flux in portion B, 
which produces it. The result is that the flux in the “un- 
shaded”’ portion of the pole, A, Fig. 217, attainsits maximum at 
a different time than does the flux in the ‘‘shaded”’ portion B. 
Furthermore, as A and B are also space displaced against each 
other, the result is that a field, which approximates in its effect 
the rotating field of a polyphase motor, is produced, but this 
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“shifting” field is not as effective as that developed in split- 
phase machines. The method has the further disadvantage 
that the shading coil is always in position on the pole and 
that it involves an energy loss so long as the motor is in opera- 
tion. However, the method is applied only in machines of 
very small capacity, such as fan motors, so that the energy 
loss is not a matter of great consequence. The use of this 
method is constantly decreasing. 

331. Performance Data for Single-phase Induction Motors 
of capacities of from 1 to 50 h.p. will be found tabulated in 
the author’s American Exxrcrrictans’ Hanppoox. The 


Dye Combination Squirrel 
ton eage and Commuted 


otor 


24 £ “4 

any, Sd at 

» SSP YO" Switch-. 

& \ So]. + on i 
ay NE af. cles eh hewn o:.a 

© gS /- rele ees = = 
& S - ecaft ee i Seno e 
g al canes =: ° Qo: 
Sa S47 dy — Sn ld 
S_I-Elements .“” & \- J Cut Out. 
Le AL eas 

: “te . 

POW y 88 |: 

4 Soosece See 

Ages 4 $8 3 RB : 

cat CS (= 8 

Bake! 

: a) 8 

I-Section Il-Connection Diagram 


of Slot 
Fia. 218.—The compensated induction motor (Wagner type BK). 


efficiencies, per cent. slip, pull-out torque and also the effi- 
ciencies and power-factors at various loads are there given. 
332. A Compensating Winding on an alternating-current 
motor (C, Fig. 218) is, as the term is used herein, a winding the 
function of which is only to improve the power-factor of the 
current taken by the machine. Thus, the power-factor of an 
alternating-current motor, may, by the addition of a suffi- 
ciently powerful compensating winding be raised from lagging 
to unity power factor or to leading power factor, if desirable. 
All uncompensated alternating-current motors draw lagging 
current from the line. This means that they require greater 
currents than are actually necessary for the production of power 
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which they develop. But by using a suitably-designed com- 
pensating winding it is possible to raise the power-factor of the 
motor current to unity and thereby proportionately decrease 
the current required for the production of the power. 

333. A Neutralizing Winding, as the term is here used, is 
one the main function of which is to neutralize armature reac- 
tion. Hence, if a neutralizing winding is placed on a machine 
it will increase its output over that of the same machine with 
out the neutralizing winding and incidentally it will improve 
the commutation. 


Centrifugal 
\ Switch 
ok 4 


Leads from. sg 
Compensating..---Y- 
Brushes 


Slide Roilis-“ 


Fie. 219.—A Wagner compensated induction single-phase motor. 


334. The Compensated Induction Motor (classification 1b, 
Table 321) Figs. 218 and 219, is essentially a squirrel-cage- 
rotor induction machine to which have been added, on the 
stator, a compensating winding and, on the rotor, a direct- 
current armature winding and commutator. Brushes and 
connections for the compensating winding are provided as 
shown in Fig. 218 and also there are provided a pair of short- 
circuited brushes, Hi; and H2, which contribute partly to the 
mechanical output of the machine. These brushes HZ; and 
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E, and the connecting bar between are not essential to the 
machine’s operation, but they increase its efficiency. The 
feature of machines of this type that has brought them into 
use is that they operate with good power-factor under all load 
conditions. They have the further advantage that, except in 
starting, practically all of the work is done by virtue of the 
squirrel-cage winding; hence, the brushes and commutator 
carry little load current, commutation difficulties are mini- 
mized, the life of the commutator is increased and its size 
decreased. 

The squirrel-cage winding consists of copper bars, C (Fig. 
218, II) wedged in the bottoms of the slots in the rotor. <A 
“magnetic bridge,” I, of iron, is arranged above the squirrel- 
cage-bar winding and then the commutating winding—similar 
to a direct-current armature winding—is placed in the slot 
above the bridge. Fig. 218 shows the connections as they 
exist after the machine has attained running speed. While 
the machine is starting, the compensating winding is not in 
use because its circuit is then held open by a centrifugal 
switch which is located within the casing S, Fig. 219. These 
machines as manufactured by the. Wagner Electric Manu- 
facturing Company have a starting torque equal to 114 to 2 
times full-load torque. Their starting current is about 3 times 
full-load current. When the machine is in running connection, 
the full-load power-factor is about unity. The adjustment of 
the compensating winding is so made that at full-load the 
power-factor is approximately unity, while at no-load it is 
usually appreciably leading. 

335. The Straight Repulsion Motor (classification 2c, Table 
321) has, as illustrated in Fig. 220, an armature which is like 
that of a direct-current machine. Short-circuiting brushes, 
E, and EF, inclined at an angle to the axis of the stator winding 
are provided. A machine of this type has in general the same 
speed torque characteristics as a direct-current series motor, 
that is, high-starting torque with a very small starting current 
and rapidly decreasing torque with increasing speed. The 
power-factor of this machine increases with increasing speed 
and near synchronous speed attains a value which is higher 
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than usually obtained in straight induction motors. These 
motors are used principally for constant-torque applications, 
namely, for printing-press drives and also for other drives for 
which series direct-current motors are adaptable, such as for 
fans and blowers. They have been successfully applied for 
hoist service. As with the series direct-current motor, the 
speed of these machines can be varied by varying the im- 
pressed voltage or by shifting the brushes. The direction of 
rotation of a straight repulsion motor can be changed by the 
addition of a suitable reversing switch or reversing winding or 
by shifting the brushes to the reverse side of the neutral. 
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Fie. 220.—Repulsion motor. 


336. The Repulsion-induction Motor (classification 2d, 
Table 321), Figs. 221 and 222, is like the straight repulsion 
machine except that in addition it has a compensating winding 
as shown in the diagram. The energy brushes, H; and Ez, 
have approximately the same angular position in relation to 
the stator winding as the energy brushes of a straight repul- 
sion motor. These machines have, in addition to the energy 
brushes, a second set of brushes, Ci and C2, called the com- 
pensating brushes, which are connected in series with the 
compensating winding. The motors have a starting torque 
equal to about 214 to 3 times full-load torque with ap- 
proximately twice full-load current. The maximum torque 
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| 
is from 3 to 314 full-load torque. The power-factor (due 
to the corrective action of the compensating winding) is very 


Switch Cut Out: 


--Main 
Winding 


= 
(+e a -S = + 
® 


=) “Armature 
Similar to 
0.0. Armature-- 


Single-Phase A.C. Main 


Compensating 
Windiing---. ; 


I-c ——— I-Elements 
onnection Diagram 
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Ita. 222.—Phantom view showing construction of the General Electric 
Company Type RJ, Form C, single-phase, repulsion-induction motor. 


high at all loads but the efficiency of this machine is lower 
than that of the induction motor. Single-phase motors of this 
type are well adapted for loads involving heavy starting torque 
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and sudden overloads. They have the disadvantages of hav- 
ing commutators which carry the total armature current. 
They can be arranged for variable speed service as shown 
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Fig. 223.—Variable-speed repulsion-induction, single-phase motor and 
controller. 


in Fig. 223 by the insertion of a rheostat in series between 
the energy brushes. They can also be arranged for reversing 
service as indicated in Fig. 224 by the application of a revers- 
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Fic. 224.—A repulsion-induction motor arranged for reversing service. 
(Throwing the reversing switch: (1) reverses the connection between the 
compensating winding and the compensating brushes, (2) reverses the con- 
nections between the reversing field winding and the main winding.) 


ing field and a suitable reversing switch. The characteristic 
performance graphs of machines of this type are shown in 
Fig. 225. 


ie 
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337. If a Variable-speed Single-phase Motor is Required, 
some modified form of repulsion-induction motor (Fig. 223) 
can be used. Also, the series motor (Fig. 233) and the re- 
pulsion motor (Fig. 220) may be applied for this service by 
using a rheostat or an auto-transformer in the line for vary- 
ing the voltage impressed on the motor terminals. The 
behavior of such motors is similar to that of the variable-speed 
wound-rotor multiphase-induction motor with resistance in 
series with the rotor. They are consequently, owing to their 
unstable speed characteristics, suited only to such applications 
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Fra. 225.—Typical performance graphs for a single-phase, repulsion- 
induction motor. (General Electric Co., Type RI, Form C.) 


as require a steady horse-power at given speeds. Their 
characteristics as regards starting torque, etc., are unchanged 
when used for variable speeds. The speed-regulating resist- 
ance (R, Fig. 223) is in one type of motor inserted in series 
with the brushes which are normally short-circuited and the 
insertion of additional resistance decreases the speed. 

338. Repulsion-starting-and-Induction-running, Single- 
phase Motors (classification 3, Table 321), Fig. 227, are now 
probably used for power service to a greater extent than 
those of any other type. As would be inferred from its name 
(Fig. 228) the motor starts as a repulsion but operates as an 
induction machine. The rotor, Fig. 229, is exactly the same 
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Fig. 226.—See explanation on following page. 
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as the armature of a direct-current motor. It is provided 
with form-wound coils and a commutator. The number of 
brushes used is the same as would be used with the corre- 
sponding direct-current motor with the same number of poles, 
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f1a. 227.—Showing the external appearance of the Wagner, Type BA, 
repulsion-starting-and-induction-running motor. 


Fic. 226.—Kimble single-phase motors. In V on preceding page 
is shown the control used for the cylinder-printing-press motors. By 
using two control handles and an auto-transformer, 30 over-lapping 
speed steps are obtained. ‘The handles, as shown in the picture, are in 
the position of maximum speed, impressing 110 volts on the motor. 
By utilizing the auto-transformer control, the same outfit can be used 
either on 110 or 220-volt circuits. On a 220-volt circuit, the line wires 
are connected to terminals L; and Lz and on a 110-volt circuit to 7 
and 6. This motor (and also that shown in VJIJ use a fixed-brush 
setting. That is, the brushes are not shifted for speed control. The 
motor of V and also that of VJ can be used only on constant-torque 
loads. In VJisshown the ideal diagram for the job-printing-press motors, 
while in VJJ is illustrated the method of their application. Speed con- 
trol is obtained by shifting the brushes. In VJ/I theadjustable-speed 
motor is shown. ‘The speed is controlled with an auto-transformer 
whereby the e.m.f. impressed on the line terminals M and N is varied. 
The speed is maintained constant at any given speed within the range of 
the motor by the action of the centrifugal governor G@ which opens and 
closes the main circuit, motors of this type are made in capacities of 1.6 
to 2.5h.p. All of the Kimble-Company motors are of the compensated- 
series type and employ a neutralizing winding to neutralize armature 
reaction N. This winding also improves the power-factor. 
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but in the alternating-current machines all of the brushes are 
connected together electrically by the metal rocker arm which 


supports them. ‘The stator, which has only one winding, is 
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Fic. 228.—Illustrating the principle of the repulsion-starting, induction- 
running, single-phase motor. 


supplied with single-phase current. There is no electrical 
connection (Fig. 228) between the stator and the rotor. The 
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Fig. 229.—Sectional elevation of the Wagner Type BA repulsion-start- 
: ing-and-induction-running motor. 


currents in the stator create an alternating flux which reacts 
on the rotor and induces its rotation. When the speed of the 
rotor approaches synchronous speed, a centrifugal device of 
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Fig. 230.—Illustrating the mechanism of the brush-lifting and commu- 
tator short-circuiting device of the Wagner repulsion-starting-and-induc- 


tion-running motor, 
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some description short-circuits the commutator bars (Fig. 228, 
II and Fig. 230) and simultaneously pushes the brushes away 
from the commutator. Thus the motor is transformed into 
an induction machine having what is essentially a squirrel- 
cage rotor. Typical performance graphs are shown in Fig. 
231. The machine is inherently a constant-speed motor. The 
applications of the repulsion-starting-and-induction-running 
motor are about the same as those for which a direct-current 
constant-speed shunt motor is ordinarily used with the excep- 
tion that the repulsion induction motor has a much greater 
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starting torque (Fig. 232) than the corresponding shunt motor 
and that it is not adaptable for adjustable-speed service. 
339. The Series Single-phase Motor (classification 4, Table 
321) comprises, Fig. 233, merely an armature of the same 
construction as any direct-current armature in series with a 
field winding. In fact, any direct-current series motor will 
operate on single-phase alternating current but if the machine 
is of such a capacity that it requires considerable current, 
commutation difficulties will be encountered. Furthermore, 
for alternating-current work the stator core should be lami- 
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200 400 600 600 


(J 


ke 1200 400 1600. 100 2D WO 

Fic, 232.—Typical starting torque and starting current graphs for 
repulsion-starting, induction-running, single-phase motors (Century Elec. 
Co.). Norr.—Motors of standard construction and rating will be found 
capable, when the voltage and frequency for which they are wound and 
adjusted is maintained, of bringing a load-up to speed equal to at least 
114 of their rated capacity. When connected directly across the line 
(which is the usual manner of making the installation), they will develop, 
at the moment of starting, approximately two and one-half times full- 
load torque and take approximately two and one-half times full-load 
current. By the time the motor has reached one-quarter speed, the 
torque will have increased to approximately five times full-load torque 
and the current decreased to double full-load current; from that speed 
both torque and current gradually drop to normal as the motor increases 
in speed. By the use of a resistance starter, full-load starting torque 
may be secured with approximately one-and one-quarter times full-load 
current under the most favorable conditions. In commercial practice 
the starting current may be expected to be around one and one-half 
times full-load current. 


Cut Out. 


ff -Commutator 


See arse sig T-Elements 
E-Gonnection Diagram 
Fig. 233.—Diagrams of the series, single-phase induction motor. (The 
so-called ‘‘universal”’ motor.) 
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nated. However, for motors of small capacity where the 
currents are of low intensity, the commutation difficulties are 
not unsurmountable, hence small single-phase series motors 
are being manufactured and used successfully in capacities of 
less than 1 h.p.. The important commercial example of this 
type of motor is the so-called “universal”? motor which will 
operate on either direct- or alternating-current circuits. It 
is used for fans and small appli- 
ance motors and electric drills, 
(Efftency ot his Load where the manufacturers In send- 
i ing out the motor may not know 
whether the ultimate purchaser 
will have available either alter- 
nating or direct current. These 
are variable-speed machines, 
that is, they have (approxima- 
tely) the speed-torque charac- 
teristics of a direct-current series 
motor. 
340. To Compute Either the 
. Horse-power, Current, Voltage, 
Fic. 234.—Example in com- Power-factor or Efficiency of 
puting the horsepower output of any Single-phase Alternating- 
Ssehere Re Ce current Motor, the other quanti- 
ties being known, one of the following formulas may be used: 


2 ET ee 


Voltmeter-~_| 
Reads 220 Volts: \~sfes 


(69) 1 ey 746 (horse-power) 
(70) = oe Si Grates 
(71) i= Peo as (amperes) 
(72) Die ee (power-factor) 
(73) E= ae as a (efiiciona) 


Wherein, h.p., = power output of the motor, in horse-power. 
E = alternating voltage impressed between the wires on motor 
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terminals, in volts. J; = current in each of the two wires of 
the motor in amperes. p.f. = power-factor of the motor, ex- 
pressed decimally. E = efficiency of the motor, expressed 
decimally. 


eT Phasenee J 


SinglePhase 
110-Volt 

Alternating- 
Current Motor, 


: a = 3) Two-Phase -~- a 
Single -Phase oe f sil ASE, 220-Volt 
HO-Volt Ansrnatinos Alternating- 
Alternating- g Current Motor 


Current Motor----"~~ Current Motor 


Fic. 235.—Diagram illustrating methods of feeding motors from a two- 
phase line. 


ExampiEe.—What will be the horse-power output of the pulley, P, of 
the single-phase motor shown in Fig. 234, when: the impressed voltage 
is 220, the current is 10 amp., the power-factor is 84 per cent. and the 
efficiency is 80 per cent.? Soxrutron.—Substitute in the formula (69): 


eee a Primar. Goma ee Volt Secondar 


mo 


Single-Phase 
110-Volt 
Alternating- 
Current Moror 


Three-Phase - 


Single -Phase Single-Phase ! 


HO-Volt 220~Volt 220-Volt 
Alternating- Alternating- Alternating= 
Current Motor----=~ Current Motor Current Motor 


Via. 236.—Showing berieaphases motors fed from a three-phase line. 


hpo = (BX, X pf. X E) + 746 = (220 X 10 X 0.84 X 0.80) + 746 
= 1,478.4 + 746 = 1.98 h.p., or, say, 2 hp. 

EXAMPLE.—What will be the full-load current taken by a 10-h.p. single- 
phase, 220-volt induction motor, which, at its rated horse-power has a 
power-factor of 80 per cent., and an efficiency of 84 per cent.? Sou- 
TION.—Substitute in equation (71): J1 = (h.p.o X 746) + (EH X pf. X 

= (10 X 746) + (220 X 0.80 X 0.84) = 7,460 + 147.84 = 50.4 amp. 
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341. That Single-phase Motors may be Operated from any 
Alternating-current Circuit is Their Principal Advantageous 
Feature.—Obviously they may be operated from a single- 
phase circuit and can also be operated from two-phase and 
three-phase circuits, as diagrammed, respectively, in Figs. 235 
and 236. Frequently utility companys do not extend poly- 
phase circuits to certain outlying districts. Where a motor is 
to be installed in such a territory and the extension of the 
polyphase circuit is not economically desirable, a single-phase » 
motor offers a solution to the problem. 


SECTION 9 


‘SYNCHRONOUS MOTORS AND CONDENSERS 


342. Synchronous Motors* (Fig. 237 and 238).—Generally 
speaking, any modern alternating-current generator will oper- 


; Ek 7 Stator 
(Stationary 
A = Armeture) 
Z 2) ¢ 


Position Il Position WV 
Ira. 237.—The operating principle of the synchronous motor. 


ate with more or less satisfaction as a synchronous motor, 
and unless special operating features must be provided for, 
the two are often identical in construction. There are two 


* Carl C. Knight in Practica, ENGINEER, June, 1 1912. 
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advantages of the synchronous motor, namely: it operates at 
a constant speed at all loads, provided the driving alternator 
runs at a constant speed, and its power-factor is at all times 
under the control of the attendant. It can be used to correct 
low power-factor of the system that feeds it, in addition to 
driving a mechanical load, provided it has sufficient capacity. 

The latter characteristic is often of considerable impor- 
tance. It is well known that the power-factor of the induc- 
tion motor, even under full-load conditions, is seldom greater 


art Extended 
fying Pulley. 
: 


- ¥ 3 


L- Pedestal Bearing 


Fic, 238.—A Westinghouse Type C belt-drive synchronous motor with . 
a direct-connected exciter. 


than 95 per cent., and it often falls as low as 50 or 60 per 
cent. at light-load. The result is that an alternating-current 
generator driving a considerable number of induction motors 
ordinarily operates at a comparatively low power-factor. If 
this alternator is loaded to its full kilowatt capacity at such a 
low power-factor, overheating will result. If the alternator 
is not loaded beyond its normal current capacity it operates 
at a low energy load but with the same heating losses as at 
full-load, on account of the reduced power-factor. The ad- 
vantage of the synchronous motor on such a system is, that 
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by proper adjustment of its field current it may be made to 
draw from the line a current which is leading with respect to 
the voltage. This current which will “neutralize” the lagging 
current taken by the induction motors. The current in the 
alternating-current generator can thereby be brought into phase 
with the voltage and the generator will operate under its 
normal conditions. When used in this manner as a com- 
pensator for lagging current, the synchronous motor must be 
of larger size than required by its mechanical power output, 
on account of the excess current which it draws from the line. 

343. A Synchronous Condenser is a synchronous motor 
that operates to correct power-factor only and does not pull 
any mechanical load. 

344. Disadvantages of the Synchronous Motor.—To offset 
its advantages, the synchronous motor has disadvantages 
which ordinarily limit its application to relatively large 
capacities, and to installations where it can be used as a 
“neutralizer” for lagging current. The chief disadvantage 
is that the motor has relatively small starting torque even 
at full-load current. The motor also requires direct current 
for its field excitation. 

345. The Uses of Synchronous Motors.}—Due to the fact 
that synchronous motors require more care than induction 
motors, that they are not self-exciting and are started with 
some difficulty, they are seldom employed where induction 
motors can be used. Where an induction motor would be 
- objectionable on account of its lagging “wattless” currents 
which affect the voltage regulation, a synchronous motor may 
be used to advantage. It is also used as a “‘synchronous con- 
denser”? in connection with induction-motor loads for power- 
factor correction as noted above. 

346. The Steps in Starting a Synchronous Motor are about 
as follows: 

1. See that motor is clean, that bearings are well supplied 
with oil, and that oil rings are free to turn. 

2. See that all switches are open. 

3. Close the double-throw field switch, cutting in the field 
rheostat with its resistance all in. 
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4, Close the main-line switch (if any) in the circuit and 
throw in the double-throw switch, throwing it in the starting 
position. The motor should start and speed up to synchron- 
ism in from 30 to 60 sec. 

5. When motor is up to speed, throw field switch over to 
the other (running) position with rheostat all in. 

6. Throw double-throw main switch over to running posi- 
tion, putting motor on full-line voltage. 

7. Adjust field rheostat for minimum armature current. 

Fig. 239 shows the method of connecting a three-phase, 
self-starting synchronous motor to its exciter. This diagram 
shows a double-throw switch in 
the field circuit. This switch. 
however, may (where the exciter 
yee WE is connected to the same shaft 
Fieldswité| | | RY EI pone "a8 the synchronous motor) be 

1s! single-throw and the field con- 
nected direct through the exciter 
armature with the rheostat inthe 
circuit. The field is thus short- 
circuited at standstill and is 
AWG ; | gradually charged as the motor 
Motor Speeds up. 

ecFad Winding 347. Starting Synchronous 
tate" ; 

Ve. Poo Con ncotion: for a self- depannaagr OS FS pone 
starting synchronous motor. phase synchronous motor may 
be started by applying full-load 
voltage to the armature, leaving the field open until the motor 
has reached its normal speed. Sucha procedure would require, 
however, 2 or more times the ‘full-load current of the machine. 
Since the power taken by a synchronous motor starting in this 
manner is of very low power-factor, the line disturbances 
might be considerable. Starting at full-line voltage is also 
liable to induce in the field windings an excessively high vol- 

tage, often resulting in breaking down the insulation. 

348. To Limit the Starting Current to a Reasonable Value, 
Auto-starters or Compensators are Often Used.—These are 


* PRACTICAL ENGINEER. 


Voltage _4-Fower factor Meter 


Transtormerngs,. Ammeter 


Motor Field 
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similar and used in exactly the same manner as the starting 
compensators used with induction motors (Art. 371). When 
starting with a compensator, the field-winding circuit is opened 
by a switch provided for the purpose or the field circuit may 
be closed through a resistance until the motor has attained its 
normal speed. This arrangement does not provide a great 
starting torque, and in most modern synchronous motors the 
revolving field of the motor is provided with a special auxiliary 
winding (Fig. 240) similar to the winding on the rotor of a 
squirrel-cage induction motor. It has been possible to con- 
struct motors having nearly 30 per cent. of full-load torque 
at approximately 1/4 times full-load current. Beside improv- 


*. Sguirrel-Coge-- 
Star tire Winding ~ 


Lominated- 
Pole 


Ira. 240.—Rotating element of a synchronous motor showing the 
squirrel-cage starting winding, 


ing the starting torque this squirrel-cage winding also has a 
tendency to reduce the hunting or pumping effect which is 
sometimes encountered in the operation of synchronous motors. 

349. Where the Capacity of the Motor Which is to be 
Started is Comparable with the Capacity of the Generator 
which feeds it, it is often necessary to connect a small induc- 
tion motor to the synchronous motor to bring it up to speed. 
When approximately normal speed has been reached the 
synchronous motor is thrown on the line as before, and the 
field closed immediately. 

350. When a Large Starting Torque is Required, as, for 
example, in driving a considerable amount of shafting, it is 
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often impractical to start the load and the motor from rest 
simultaneously. In such instances it is customary to install 
a friction clutch or similar device between the motor and its 
load, so that the motor may attain its normal speed before 
any load is imposed upon it. 

351. Occasional Installations are Encountered Where the 
Motor is the Only Load on the Driving Generator.—In such 
cases it is possible to connect the synchronous motor to the 
line before starting the alternator. On starting the alternator, 
both will come up to speed together. Cases have been known 
in which the motor was a small part of the load on the driv- 
ing alternator, that is, the alternator was larger compared 
with the motor, when an auto-starter was used to raise the 
voltage at start instead of to reduce it. This method gives a 
fairly good torque, but requires large current, and the operator 
must be certain that the motor windings will not be damaged 
before trying such a method. 

352. In Cases Where it is Desired to Use an Alternating- 
current Generator as a Motor and no Compensator is Avail- 
able, water rheostats can be used to good advantage, one be- 
ing placed in series with each phase. They are short-circuited 
when the motor has attained normal speed. 

353. General Summary of Synchronous-motor Troubles.— 
Failure of a synchronous motor to start is often due to faulty 
connections in the auxiliary apparatus. These should be care- 
fully inspected for open circuits or poor connections. An open 
circuit in one phase of the motor itself, or a short-circuit will 
prevent the motor from starting. Most synchronous motors 
are provided with an ammeter in each phase, so that the last 
two causes can be determined from their indications—no cur- 
rent in one phase in case of an open circuit, and excessive 
current in case of a short-circuit. Either condition will usually 
be accompanied by a decided buzzing noise, and in case of a 
short-circuited coil, it will often be quickly burned out: The 
effect of a short-circuit is sometimes causéd by two grounds 
on the machine. Starting troubles should never be assumed 
until a trial has been made to start the motor light, that is, 
with no load except its own friction, It may be that the start- 
ing load is too great for the motor. 
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354. If the Motor Starts but Fails to Develop Sufficient 
Torque to Carry its Load when the field circuit has been closed, 
the trouble will usually be found in the field circuit. First, 
determine whether or not the exciter is*developing its normal 
voltage. Assuming the exciter voltage to be correct, the trouble 
will probably be due to one of the following causes. (1) Open 
circuit in the field winding or rheostat or (2) short-circuit or 
reversal of one or more of the field spools. Open circuit can 
often be located by inspection or by use of the magneto. 

355. The Majority of Field Troubles are caused by excessive 
induced voltage at start, or by the field circuit being broken. 
This excessive voltage may break down the insulation between 
field winding and frame or between turns on any one field spool, 
thus short-circuiting one or more turns, or it may even burn the 
field conductor off, causing an open circuit. 

356. Causes of Overheating in Synchronous Motors are 
about the same as those in alternating-current generators. 
Probably the most common cause of overheating is excessive 
armature current due to an attempt to make the motor carry 
its rated load, and at the same time compensate for a power- 
factor lower than that for which it was designed. If the 
motor is not correcting low power-factor, but doing mechanical 
work only, the field current should be adjusted so that the 
armature field is a minimum for the average load that the 
motor carries. 

357. Difficulties in Starting Synchronous Motors.*—A syn- 
chronous motor is “weaker” in starting than is an induction 
motor. In general, however, a synchronous motor will start 
itself and perhaps a very light load. Starting requires no field 
current as the flux which tends to start the motor is not the 
flux that operates it when it is up to speed. In starting, the 
field current is lagging, and a lagging current tends to pull 
down the voltage on the supply circuit, hence tends to lower 
the applied voltage. The starting torque, as in an induction 
motor, is proportional to the square of the applied voltage. 
For example, if the voltage is halved, the starting effort is 
quartered. When asynchronous motor will not start, it may 


* Based largely on Raymond’s Motor TRrovus.pgs, 
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be because the voltage on the line has been pulled down below 
the value necessary for starting. 

In general, at least half voltage is required to start a syn- 
chronous motor. Difficulty in starting may also be caused 
by an open circuit in one of the lines to the motor. Assume 
the motor to be three-phase. If one of the lines is open the 
motor becomes single-phase, and no single-phase synchronous 
motor, as such, is self-starting. The motor will, therefore, 
not start, and will soon get hot. The same condition is true 
of a two-phase motor, if one of the phases is open-circuited. 

Difficulty in starting may also be due to a rather slight 
increase in static friction. It may be that the bearings are 
too tight, perhaps from cutting during the previous run. 
Excessive belt tension, in case the synchronous motor is belted 
to its load, or any cause which increases starting friction will 
probably give trouble. Difficulty in starting may be due to 
field excitation being on the motor. After excitation exceeds 
one-quarter normal value, the starting torque is influenced. 
With full field on, most synchronous motors will not start 
at all. If the proper voltage is applied to a motor, and the 
circuits are all closed except the field circuit and the friction 
is a minimum, and still the motor will not start, the fault is 
probably with the manufacturer. Pole-pieces often receive 
extra starting windings or conducting bridges are provided 
between the pole-pieces to assist in starting. Possibly the 
manufacturer in shipping may have omitted these devices. 
In such cases one must refer to the factory. 

Usually, as above suggested, compensators are used for start- 
ing synchronous motors. If there is a reversed phase in a 
compensator, or, if the windings of the armature of the syn- 
chronous motor are connected incorrectly, there will be little 
starting torque. Incorrect connection can be located by not- 
ing the unbalanced entering currents. Readings to determine 
this unbalancing should be taken with the armature revolv- 
ing slowly. The revolving can be effected by any mechanical 
means. While the motor is standing still, even with correct 
connections, the armature currents of the three phases usually 
differ somewhat. This is due to the position of the poles in 
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relation to the armature, but when revolving slowly, the cur- 
rents should average up. If the rotor cannot be revolved 
mechanically, similar points on each phase of the armature 
must be found. Then, when the rotor is set successively at 
these points, the currents at each setting should be the same. 
Each phase when located in a certain specific position as related 
to a pole, should, with right connections, take a certain specific 
current. With wrong connections, the currents will not be 
the same. 

358. Open Circuit in the Field of a Synchronous Motor.— 
If in the operation of a synchronous motor the field current 
breaks for any reason, the armature current will largely in- 
crease, causing either a shutdown or excessive heat. It be- 
comes important, therefore, in synchronous motors to have the 
field circuit permanently established. 

359. A Short-circuit in an Armature Coil of a Synchronous 
Motor burns it out completely, charring it down to the bare 
copper. When this occurs, the symptoms are so evident that 
there is no difficul y in identifying the trouble. Such a coil 
may under ordinary circumstances be cut out and operation 
continued. In an induction motor, the current in the short- 
circuited coil rises only to a certain value, but heats it many 
times more than normal. It is not necessarily burned out 
immediately, and perhaps it may not be burned out at all. 

360. Hunting of Synchronous Motors.—Synchronous mo- 
tors, served by certain primary sources of energy, tend to 
“hunt.”’ The periodicity of the swinging is determined. by 
properties of the armature and the circuit. It may reach a 
certain magnitude and there stick, or the swinging may in- 
crease until finally the motor breaks down altogether. This 
trouble usually occurs on long lines having considerable re- 
sistance between the source of energy and the synchronous 
motor. Sometimes it occurs under the most favorable condi- 
tions. Irregular rotation of a prime mover (Art. 289), such 
as a single-cylinder steam engine, is often responsible for the 
trouble. The usual remedy is to apply to the poles, bridges 
(Fig. 240) of copper or brass in which currents are induced 
by the wavering of the armature. These currents tend to 
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stop the motion. Different companies use different forms of 
bridges. When hunting or pulsating occurs, and the motor . 
is not already equipped wiht bridges, it is best to consult the 
manufacturer. In general, the weaker the field on a synchro- 
nous motor, the less the pulsation. Sometimes pulsation may 
be so reduced that no trouble results by simply running with 
a somewhat weaker field current. 

361. Improper Armature Connections in Synchronous 
Motors.—This trouble usually manifests itself by unbalanced 
entering currents and by a negligible or very low starting 
torque. The circuits should be traced out and the connec- 
tions remade until the three entering currents for three-phase, 
or the two entering currents for two-phase, are approximately 
equal. These currents will not be equal even with correct 
connection when the armature is standing still. 

362. Polarity of Synchronous Motors.—Since the winding 
of a synchronous motor armature is in series all the way 
around the circumference and under all of the poles, except 
in exceedingly rare cases, the trouble from a reversed pole is 
much less serious than with an induction motor or direct- 
current machine. With a reversed pole everything operates 
fairly well. The only trouble is that the fields require more 
current than they should because of the pole that is opposing 
the field. If, therefore, excessive field current is required for 
minimum input to a motor, it is a good plan to test the polar- 
ity of all the spools with a compass. 

363. Bearing Troubles of Synchronous Motors are similar 
to those of induction motors (Art. 402). A difference is that, 
with a synchronous motor, the air gap between the revolving 
element and the poles is relatively large, so that the wearing 
of the bearing, which throws the armature out of center, is 
not so serious as with an induction motor. End play should 
be treated the same as with an induction motor (Art, 416). 


SECTION 10 


MANAGEMENT OF, AND STARTING AND CON- 
TROLLING DEVICES FOR ALTERNATING- 
CURRENT MOTORS 


364. The National Electrical Code Requirements Relating 
to the Installation of Alternating-current-motor Control Equip- 
ment are essentially the same as those governing the installa- 
tion of direct-current control equipment which are discussed 
briefly in Art. 120. For further information in regard to 
wiring requirements for motors, see author’s WIRING FOR 
Ligut AND Power. 
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Fia. 241.—Connections for a circuit breaker protecting a three-phase 
motor. 


365. Connecting a Circuit-breaker for Polyphase Induction 
Motor Protection.*—Terminals A and B are connected as 
shown in Bi ig. 241 for three-wire systems, two- or three-phase. 
The circuit-breaker should be so located in the circuit that the 
no-voltage coils will be subjected to the full voltage of the cir- 
cuit, irrespective of the position of the starting switch. Where 
it is desired to have the overload of the circuit-breaker in- 
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operative with the auto-starter switch in starting position, the 
connections G and H within the starter should be removed and 
the special connections H and F made instead. 

366. The Methods of Starting Induction Motors may be 
listed as follows: 

1. By Connecting Directly to the Line—This method is ordi- 
narily used only for small motors—those of less than 10 h.p. 
output—because on starting the motor takes an excessive cur- 
rent and the voltage regulation will be disturbed unless there 
is ample generating capacity and the conductors are of a gen- 
erous cross-section. 

2. By Inserting Internal Resistance in the Rotor Circuit.— 
This method is used only with wound-rotor machines. The 
resistance is cut in or out of the circuit by the operation of 
a switch on the motor shaft so arranged that the handle of 
the switch is stationary when the rotor is turning. 

3. By Introducing External Resistance in the Rotor Circuit.— 
This method can be used only with a wound-rotor machine 
having collector rings upon which brushes bear, that connect 
with the resistance. The resistance is cut in or out of the 
rotor circuit by a controller somewhat similar to the ordinary 
direct-current motor controller. | 

4. By Using a Transformer having Low-voltage Taps.—A low 
voltage can be impressed on the motor at starting by connect- 
ing it with a suitable switch to the low-voltage taps. 

5. With a Starting Compensator or Auto-transformer.—This 
is the usual method for motors of ordinary capacity and is 
similar to the transformer method in that low voltage from 
the compensator taps are impressed on the motor at starting. 

6. By Connecting the Armature Coils in Star for Starting and 
in Delta for Running—This method is described in detail in 
following Art. 383. | 

367. A Small Induction Motor can be Started by Throwing 
it Directly on the Line (Fig. 242) —This method is, as a gen- 
eral thing, not used for motors of capacities exceeding 5 h.p. 
Two sets of fuses should be provided, one for starting and one 
for running, with a double-throw switch to connect the motor 
to either set. A switch, having a spring so arranged that the 
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blades will not remain in the starting position unless manually 
held there, should be used. The starting current of an in- 
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Fic. 242.—Starting small motor by throwing directly on the line. 
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Fic. 248.—Connections of starter to wound-rotor motor. 


duction motor thrown directly on the line will be something 

between 3 and 8 times the full-load running current. If only 

one set of fuses is used for a polyphase 

motor and they are of sufficient capac- Ys Fp. 

ity to carry the starting current, one 

fuse may open but the motor will con- ep 

tinue to operate on one phase, drawing Switching 
: Device--. 

a current considerably above normal. 

The probable result is a burnt-out 

motor. 

368. Self-contained Starters for 
Wound-rotor Induction Motors of Rel- es G. : ak oe sees 
atively Small Capacity (Figs. 243 and Sait pate eee 
244) can be purchased. ‘The resistors 
for these are mounted within the enclosing case that carries the 
switching mechanism that increases or decreases the amount 
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of effective resistance in the rotor circuit. As a rule, the re-_ 
sistors in these starters are designed only for starting service, 
hence they can be used only where starts are infrequent and 
starting conditions are not severe. They are not usually de- 
signed for speed control for which service drum-type controllers 
with externally mounted resistances are used. In the usual 
designs a set of resistors is connected in series with each phase 
of the motor (Fig. 245) secondary and all three are intercon- 
nected in star by the frame of the starter which i is grounded, 
protecting the operator against shocks. 

369. In Operating a Self-contained Starter for a Wound- 
rotor Motor (Figs. 243 and 244) before closing the primary 
line switch or breaker, the handle of the starter must be in 
the starting position, where all the starting resistance is in 
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Fie. 245.—Method of varying rotor resistance of a wound-rotor 
induction motor. 


circuit. If the connections are correct, and the load is not 
too great, the motor should start as soon as the line switch 
is closed; on failure to start, open the primary circuit, and ex- 
amine the load conditions and the connections. With some 
starters the handle may have to be advanced slightly beyond 
the starting position before the motor starts. As the motor 
speed accelerates the starter handle should be moved gradu- 
ally to the running position, bringing the motor to full speed - 
within the time which is usually specified by the manufacturer 
of the starter. In the running position all starting resistance 
is, in starters of most designs, short-circuited. 

370. Starting a Coil-wound Rotor Motor.*—With the coil- 
wound rotor, high and variable starting torque can be obtained 
by inserting a variable ohmic resistance directly in the rotor 
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circuit. The rotor circuit is connected to a non-inductive re- 
sistance, which can be varied and gradually cut out as the 
motor attains speed. Figs. 245 and 246 illustrate the con- 
nections. When the rheostat handleis in the extreme left-hand © 
position, the resistance is all out of circuit. To start the motor, 
current is first switched on to the stator circuit by closing a 
triple-pole switch. The three-pole contact blades of the start- 
ing rheostat are now moved over from the off position on to 
the resistance studs, the first contacts of which place the whole 
of the resistance in circuit with the respective three-phase 
windings of the rotor. This prevents the current induced in 
the rotor windings by the stator circuit from reaching an ex- 
cessive intensity. The switch handle on being further rotated 
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Fic. 246.—Starting arrangement for three-phase coil-wound rotor motor, 


in a right-hand direction gradually cuts out the resistance 
until all the resistance is out of circuit. In this position the 
rotor windings are short-circuited. . 

371. Commercial Starting Compensators for Squirrel-cage 
Induction Motors usually have three positions at which the 
starting lever will come to rest—an “‘off’’ position, a “start- 
_ ing” position, and a “running” position. The lever is so ar- 
ranged that the switch which it controls cannot come to rest 
in any other positions unless forcibly restrained. The con- 
nections of a two-phase and of a three-phase compensator 
are shown in connection with the material on auto-trans- 
formers in Sec. Vof the author’s AMpRIcAN ELECTRICIANS’ 
Hanpgoox. Connection arrangements for compensators of 
other types are shown on pages adjacent hereto. 
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In starting compensators, as usually arranged, when in the 
“off”? position the switch is open and the motor and auto- 
transformer are entirely disconnected from the source of en- 
ergy. When in the “starting” position, the source of energy 
is directly connected by the switch to the auto-transformer 
terminals and the low-voltage taps of the auto-transformer 
are connected to the motor. Usually there are no fuses in- 
serted in the starting leads at the compensator. 

When thrown to the ‘‘running”’ position the switch connects 
the motor through fuses to the source of energy and the 
auto-transformer is entirely disconnected from the source of 
energy. ‘The fuses provided in the running leads are for the 
protection of the motor against overload while it is in normal 
operation. ‘The fuses protecting the tap circuit to the com- 
pensator where the tap circuit branches from the main are 
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Fic. 247.—Starting with and without compensator. 


usually depended upon to protect the motor while it is 
starting. 
372. Starting With and Without Compensators.—The start- 
ing current taken by a squirrel-cage induction motor at the 
instant of starting is equal to the applied electromotive force 
divided by the impedance of the motor. Only the duration of 
this current, and not its value, is affected by the torque against 
which the motor is required to start. The effect of starting 
without and with a compensator is illustrated by diagrams J 
and IT in Fig. 247. In this diagram, motor I is thrown directly 
on a 100-volt line. The impedance of the motor is 5.77 ohms 
per phase, the starting torque 10 Ib. at 1-ft. radius and the 
current taken 10 amp. In diagram JI a compensator is in- 
serted, stepping down the line pressure from 100 to 50 volts. 
This reduces the starting current of motor one-half and the 
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starting torque becomes one-quarter its previous value or 214 
lb. at 1-ft. radius. The current in the line is reduced inversely 
as the ratio of transformation in the compensator and 
becomes 214 amp. 

373. When a Compensator is Used the Starting Torque 
of the Motor can be Reduced to Approximately the Value 
Required by the Load and the current taken from the line 
correspondingly decreased. Where a compensator is not used, 
an increase of rotor resistance results in a proportional in- 
crease in the starting torque of the motor with a very slight 
decrease in the starting current drawn from the line. Where 
a compensator is used with a motor having a high-resistance 
rotor the voltage can be reduced to a lower value than would 
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Via. 248.—Starting with resistance and with compensator. 


I Running Connections 


be required with a low-resistance rotor for the same starting 
torque. Standard compensators are provided with several 
taps from which various combinations can be obtained. 
374. Comparison of Auto-transformer and Resistance for 
Decreasing Voltage for Starting Squirrel-cage Motors.—The 
motor in Fig. 248 is supposed to require 100 amp. to start 
it; that is, to provide the energy, which will produce the 
necessary starting torque. At J, where an auto-transformer 
is used to lower the voltage to 110, a current of 100 amp. 
is produced in the motor primary with a current in the line 
of 50 amp. ‘This condition is due to the transformer action 
of the auto-transformer. At JZ the running connections are 
shown wherein the autotransformer is entirely disconnected 
from the circuit. At J/I are illustrated the conditions that 
would obtain were the voltage lowered for starting by insert- 
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ing resistance in series with the line. Obviously 100 amp. 
must flow in all portions of the line even though the resistance 
of 1.1 ohms reduces the line voltage of 220 to a voltage of 110 
which is impressed on the motor. There is a loss of energy 
(watts) in the resistance. Evidently the auto-starter method 
is preferable because with it the line current is reduced and 
there is practically no loss of energy. Although the example 
illustrated is for a two-phase motor the principle is the same 
for a three-phase motor. 

375. Approximate Starting Currents and Starting Torques 
of Squirrel-cage Induction Motors with Different Impressed 
Voltages Obtained by Using a Compensator Starter.—Starting 
current and starting torque are expressed in terms of normal 
full-load current and full-load torque, and impressed voltage 
is expressed in terms of normal voltage: 


Voltage impressed on | Starting current taken Starting torque, 
motor, per cent. from line, per cent. per cent. 
40 112 32 
60 250 72 
80 450 128 
100 700 200 


376. Taps of a Starting Compensator.*—Compensators are 
usually shipped by their manufacturers connected to the auto- 
transformer tap giving the lowest torque. If the motor will 
not start its load with this tap connected the next higher 
voltage tap should be tried, and so on, until the tap is found 
that provides the required torque. Compensators for use with 
motors of 15 h.p. and under sometimes have three taps giving 
voltages of 40 per cent., 60 per cent. and 80 per cent. of full- 
line impressed voltage. For motors above 15 h.p., four taps 
are frequently provided giving 40, 58, 70 and 85 per cent. 
of full-line voltage. The proper tap for giving the maximum 
starting torque without causing an inconvenient voltage dis- 
turbance in the supply circuit, can best be ascertained by 
experiment. 
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One make of compensator has for motors of from 5 to 18 
h.p., taps starting the motor at 50, 65 and 80 per cent. of the 
full impressed line voltage, with respective line currents equal 
to 25, 42 and 65 per cent. of the current that would be taken 
by the motor if no compensator were used. For motors larger 
than 18 h.p., compensator-voltage taps are provided giving 
voltages equal to 40, 58, 70 and 85 per cent. of the full im- 
pressed line voltage, and respective currents approximately - 
equal to 16, 34, 50 and 72 per cent. of the current that would 
be taken by the motor if it were started directly from the 
supply line. 
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Fie. 249.—Starting compensator with separate switches, and auto- 
transformer for high-voltage or large capacity motor. 


377. Starting Compensators for Motors of High-voltage or 
Large Current Capacity are arranged with the switches sep- 
arate from the auto-transformer (Fig. 249). The equipment 
usually consists of one double-throw or two interlocked single- 
throw oil switches for the motor and a single-throw oil switch 
for energizing the auto-transformer. In the running leads to 
the motor may be inserted overload relays which will open the 
oil switches in the case of over-draught of current. The oil 
switches are usually mounted on a switchboard panel while 
the auto-transformer may or may not be mounted on the panel. 
The construction indicated in the other compensator diagrams 
is used by certain manufacturers for motors of capacities up 
to and including 550 volts when the normal current does not 
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exceed 300 amp. per phase and for motors of from 1,040 to 
2,500 volts with currents not greater than 125 amp. per phase. 
Where motors take greater normal currents or are of higher 
voltage the arrangement of Fig. 249 is applied. 

378. When No-voltage Release Compensator Starters are 
Used for High-voltage Motors a small voltage transformer is 
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Fig. 250.—Potential transformer for no-voltage relay of high-voltage 
motor. 


usually arranged as in Fig. 250 to energize the no-voltage coil. . 
This arrangement is used by certain manufacturers for com- 
pensators, with the no-voltage release attachment, for voltages 
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Fie. 251.—Overload relays on a two-phase starting compensator. 


of from 1,040 to 2,500. The secondary of the transformer 
furnishes 110 volts for which the no-voltage relay is wound. 
379. Overload Release Coils on Compensators are arranged 
Essentially as Shown in Figs. 251 and 252.—When there is 
an overload on either phase the iron plunger of the overload 
relay is drawn up which opens the no-voltage release-coil cir- 
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cuit. This de-energizes the no-voltage release coil and the 
compensator circuit is automatically opened as described in 
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Fic. 252.—Overload release coils on a three-phase starting compensator. 


the paragraph on the no-voltage release. The overload relays 
are usually arranged so that they 

can be adjusted, to operate at dif- 
ferent currents, just as a circuit- 
breaker can be adjusted. An in- 
verse-time-element feature is us- ,, 
ually incorporated whereby the vay. 
relay will operate almost instantly {7 
on very heavy overloads but will 


not operate until a certain interval - 
of time has elapsed (the length of “o 
the interval being approximately -t 


inversely proportional to the Qaraing 
amount of overload) on_ lesser pec 
; overloads. It will be noted from ae) 
the diagrams that fuses are not =o 
necessary where the overload re- x 
lays are used. A decided advan- - 
tage of the overload relays is that aes 
epey can be adjusted S proves % Fra. 253.—Installation of an 
motor against running single- auto-starter equipped with no- 
phase. If one phase opens, suffi- pee nud overload release 
cient additional current will be 
drawn through the others to operate a relay which will open 
the circuit to the compensator. An installation of a Westing- 
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house compensator having no-voltage and overload relays is 
shown in Fig. 253. 

380. A No-voltage Release can be Provided on Starting 
Compensators.—The connection diagram is shown in Fig. 254 — 
for a three-phase compensator and that for a two-phase com- 
pensator is similar. When a condition of no-voltage exists on 
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Fia. 254.—Starting compensator with no-voltage release. 
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Fig. 255.—Starting several motors from one compensator. 


the line, the no-voltage release coil is de-energized which per- 
mits the iron armature or core of the no-voltage coil to drop, 
automatically releasing the compensator handle, which is re- 
turned to the off position by its spring. This opens the cir- 
cuit through the compensator. 

381. A Method of Starting Several Polyphase Induction 
Motors from One Compensator is shown in Fig. 255. This 
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can frequently be employed to advantage where there are a 
number of motors situated close together or where a number 
of motors must be started from one location. A double- 
throw switch is necessary for each motor to be started, and 
there should be a switch for the compensator. If all of the 
starting switches are located close together, so that one 
operator can open or close them consecutively, the compen- 
sator need have a capacity only sufficient for serving the 
largest motor in the group. If the starting switches are so 
located that several can be operated at once by different 
men, the compensator must have a sufficient margin of ca- 
pacity to provide for this. After all of the motors are started 
the compensator switch is opened, eliminating compensator 
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Fig. 256.—The delta-star method of starting. 


losses. Where motors exceed possibly 7 h.p. in capacity, oil 
switches should be used for the starting switches. 

382. Fuses for Use in Connection with Compensator 
Starters.—WNational Code standard fuses carried in holders 
mounted on slate bases are usually used for compensators for 
voltages up to 600 volts. For voltages of from 1,040 to 2,500, 
if fuses are used, the expulsion type is preferable. A table 
of fuse sizes for induction motors is given in the author’s 
AMERICAN ELEectTRICIANS’ Hanpsoox, but where not other- 
wise specified, fuses of a capacity corresponding to 114 times 
the full-load current of the motor are supplied. 

383. The Delta-star Method of Starting Three-phase, 
Squirrel-cage Induction Motors is sometimes used (Fig. 256). 
The stator-coil terminals are brought out from the frame and 
connected to a double-throw switch as shown. In starting, 
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the coils are connected in star and the current is 1 + 1.73 or 
0.58 of what it would be with the coils connected in delta. 
After the rotor has attained full speed the switch is thrown 
to the running position, which connects the coils in delta and 
normal voltage is thereby impressed on them. Motors must 
be specially constructed for this method of starting as it is 
not extensively used by the principal manufacturers. 

384. Speed Control of Polyphase Motors.*—The speed of 
polyphase induction motors can be controlled by a number of 
different methods, of which the following are the most impor- 
tant. I. Adjusting the resistance of the secondary circuit. 
II. Adjusting the primary voltage. III. Using two motor 
primaries, one of which is capable of being rotated. IV. 
Changing the number of motor poles. V. Operating two or 
more motors connected in cascade. VI. Adjusting the fre- 
quency of the primary current. WII. Changing the number 
of phases of the secondary windings. 

The results obtained by the use of these various methods 
differ widely, so that in selecting a variable-speed alternating- 
current motor careful consideration must be given to the 
characteristics of the method of control in order to determine 
its suitability for the service. In many cases a combination 
of methods is required in order to produce the desired speed 
changes. 

385. Speed Control of a Polyphase Motor by Adjusting 
the Resistance of the Secondary Circuit—With constant 
torque, the speed of the motor increases regularly as each step 
of the resistor is short-circuited and remains constant on any 
given notch. But with varying torque the motor speed varies 
also; that is, an alternating-current motor when operating 
with auxiliary resistance in the rotor circuit is properly classi- 
fied as a varying-speed motor. This method of speed control 
is, therefore, not suitable for service requiring several constant 
speeds with varying torque, such as machine-tool work, ete. 

Speed control by means of adjustable secondary resistance 
is, however, very useful where constant speeds are not essen- 
tial, for example, in operating cranes, hoists, elevators, and 

*B. G. Lamme. 
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dredges, and also for service in which the torque remains con-- 
stant at each speed, as in driving fans, blowers, and centrifu- 
gal pumps. In service where reduced speeds are required 
only occasionally and where small speed variation is not ob- 
jectionable, this method of control can also be used to good 
advantage. On account of energy loss in the resistors, the 
efficiency is reduced when operating at reduced speeds, this 
reduction being greatest at the slowest speeds. The circuits 
are essentially the same as for starting by varying resistance 
in the rotor circuit, as shown in Figs. 245 and 246. 

386. With Secondary Speed Control the rotor usually has 
a Y-connected winding to which is connected, in series in 
each phase, an external resistance, Figs. 245 and 246. By 
moving the adjustable arm the amount of resistance in series 
in each phase can be varied from a maximum to zero and 
the speed varied from the highest speed to the lowest speed. 
This form of control is in general preferable to the primary- 
control method and is used where a larger number of speeds 
is required and it is not necessary for the motor to run at 
any considerable period at reduced speed. 

387. Speed-torque Graphs of a Secondary Speed-control 
Induction Motor (see Fig. 257).—To determine the speed of 
such a motor on any point of the controller when operating 
against a given torque and to find the current taken at that 
speed and torque, refer to graphs which show the speed, 
torque and current for phase-wound variable-speed motors. 
Those of Fig. 257 are typical of ordinary capacities. For 
any given torque, follow along the abscissa corresponding to 
this value to its point of intersection with the torque curve 
for that particular notch of controller. Then follow up the 
ordinate until it intersects the current curve corresponding 
to the same controller notch and the value so obtained is the 
current taken by the motor. 


EXAMPLE.—Suppose it is desired to determine the current taken on 
the various points of the controller when starting .a 25-h.p. 220-volt 
motor and bringing it from rest to full speed against full-load torque 
—the first point (Fig. 257) at which more than full-load torque can 
be obtained is the third notch and following the line upward to the cur- 
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rent curve we see that the current taken is 150 per cent. full-load cur- 
rent. This value drops until about 45 per cent. synchronous speed is 
reached, when in order to hold up the torque it is necessary to throw to 
the fourth notch. 
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Fia. 257.—Typical current, torque and speed curves for an induction 
motor with secondary speed control. 


The current rises correspondingly to 130 per cent. full-load, then 
drops until 53 per cent. synchronous speed is reached. ‘Then the con- 
troller must be moved to the fifth notch, thence it drops until 65 per 
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Fie. 258.—Methods of varying the voltage impressed on an induction 
motor. 


cent. synchronous speed is reached, etc. The dotted line indicates the 
variation in current. 


388. Speed Control of a Polyphase Motor by Adjusting the 
Primary Voltage (Fig. 258).—Adjusting the primary voltage 
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of a motor causes speed changes that are similar to those 
produced by adjusting the resistance of the motor secondary. 
The voltage variations can be obtained by means of adjust- 
able resistors, auto-transformers, or choke coils in series with 
the primary. This method has the disadvantages of poor 
speed regulation, low efficiency, and unsatisfactory control, 
especially when the primary voltage is high; it is not in gen- 
eral commercial use. Squirrel-cage induction motors are, 
however, almost invariably started with reduced primary 
voltage obtained by means of auto-transformers. Fig. 259 
indicates the external appearance of a variable-resistance 
starter for such service. 

389. Primary Speed Control (Fig. 258)—Where a com- 
pensator is used, contactors, connected by conductors to the 
stator, are arranged to slide over —— 
the compensator taps, in a manner petal Pcs ne lath: 
similar to that in which the lever 
arm slides over the segments of a = @/7hals-Wr— 
rheostat, and thereby vary the volt- 
age impressed on the motor. The 


: : Concer 
speed regulation of a motor con- jr 


trolled by this method is very poor =‘ Fia. 259.—Primary resist- 


ance starter for a squirrel-cage 


and the power-factor and efficiency penton 


decrease with the speed. Where a 

resistance is used for varying the voltage impressed on the 
stator, the regulation and efficiency of the machine are not 
as good as when a compensator is used. 

390. Speed Control of a Polyphase Motor with a Double 
Primary Arrangement.—The double primary motor resembles 
an ordinary squirrel-cage induction motor in construction 
except that the primary is divided vertically into halves, each 
with separate core and windings. One-half can be rotated 
around the rotor by means of a worm-screw and rack device. 
Fig. 260 shows this construction. When the two halves of 
the primary are placed so that like poles are in line, the rotor ~ 
windings are subjected to maximum magnetic flux from the 
primary, and the motor will run with minimum slip and there- 
fore at its maximum speed. By turning the movable half of 
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the primary, the flux acting on each rotor bar is gradually — 
reduced, causing increased slip and a corresponding reduction 
of the motor speed for a given torque. 

This operation is equivalent to varying the primary voltage 
and therefore cannot be used with advantage where constant 
speed with varying torque is desired. The mechanism is, 
however, self-contained; the speed changes are effected with- 
out opening circuits; and the motor, having no brushes, oper- 
ates without sparking. 

391. Speed Control of a Polyphase Motor by Changing the 
Number of Motor Poles.—The synchronous speed of a poly- 
phase motor is inversely proportional to the number of its 
poles. Thus on a 60-cycle circuit a two-pole induction motor 
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Fria. 260.—Longitudinal section of a double primary motor. 


has a synchronous speed of approximately 3,600 r.p.m., a four- 
pole motor 1,800 r.p.m., an eight-pole motor 900 r.p.m., ete. 
It is therefore possible to alter the speed of a motor by 
changing the number of its poles. 

This can be accomplished by using two or more separate 
primary windings, each having a different number of poles, 
or by using a single winding which can be connected so as to 
form different numbers of poles. In general only two speeds 
are possible without great complication, the preferable ratio. 
being 1:2. The rotor should be of the squirrel-cage type as 
this is adapted to any number of poles, whereas the windings 
of a wound rotor must be reconnected for the different speeds. 

With very few exceptions these motors are squirrel-cage 
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machines with special stator windings. They are designed 
to operate at full and half speed, the different speeds being 
obtained by changing the connection of the coils so as to halve 
or double the number of poles. Usually motors with the lower 
speed other than half speed require more complicated con- 
nections and necessitate bringing out a large number of leads 
from the motor. The motors can be designed for three or 
four speeds, but such will require two distinct stator windings. 
Obviously, these motors are very special and their use is not 
advocated except when absolutely necessary. 

The efficiency is approximately the same at each speed and 
the power-factor which is lower at full speed than that of 
the normal motor is reduced very greatly at the lower speed. 
Also the output is proportional to the speed, while the per- 
centage slip remains approximately the same for each speed, 
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I'1a. 261.—Two polyphase motors connected in cascade. 


and the starting torque per ampere varies approximately in- 
versely as the speed. 

392. Speed Control of Polyphase Motors by Operating 
Two or More Motors Connected in Cascade offers, under 
some conditions of service, the most convenient and econom- 
ical method of speed variation. In this arrangement all the 
rotors are mounted on one shaft or the several shafts are 
rigidly connected. The primary of the first motor is con- 
nected to the line, its secondary, which must be of the 
phase-wound slip-ring type, to the primary of the second 
motor and so on. The secondary of the last motor can be 
either of the squirrel-cage or of the phase-wound type. In 
practice more than two motors are rarely used. The 
arrangement is shown in Fig. 261. 

Speed changes are obtained by varying the connections of 

17 , 
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the motors, the following combinations being possible with 
two motors: Each motor can be operated separately at its 
normal speed with its primary connected to the line, the 
other motor running idle; the motors can be connected in 
cascade so that the rotors tend to start in the same direc- 
tion (direct concatenation); or the motors can be connected 
so that the rotors tend to start in opposite directions 
(differential concatenation). If the first motor has 12 poles 
and the second 4, the following synchronous speeds can be 
obtained on a 25-cycle circuit. 

(1) Motor JJ (4 poles) running single, 750 r.p.m.; (2) 
motors in differentia] cancatenation (equivalent of 8 poles), 
375 r.p.m.; (8) motor J (12 poles) running single, 250 r.p.m.; 
(4) motors in direct concatenation (equivalent of 16 poles), 
187.5 r.p.m. By the use of adjustable resistance in the 
. secondary circuits, changes from oiie speed to the next can be 
made with uniform gradations. ~ 

A great number of speed combinations are possible by the 
use of this method; the control is simple and safe, as few 
leads are required and main circuits are not opened for most 
of the speeds. The rotors can be made with smaller diame- 
ters than is possible with other multispeed motors, hence the 
flywheel effect is reduced toaminimum. In general, a cascade 
set is applicable where speed changes must be frequently 
made with high horse-power output and primary voltage, 
and where the speed ratios are other than 1 :2. 

393. Speed Control of a Polyphase Motor by Adjusting the 
Frequency of the Primary Current.—Since the synchronous | 
speed of an induction motor is equal to the alternations of 
the supply circuit divided by the number of poles in each 
circuit, a change in speed can be effected by changing the 
frequency of the circuit. 

Fig. 262 shows the speed-torque and other curves of a motor 
when operated at 7,200, 3,600, 1,800, and 720 alternations per 
minute, or at 100, 50, 25, and 10 per cent. of the normal 
alternations. The speed-torque curves corresponding to the 
above alternations are a, b, c, and d. The eurrent curves 
are A, B, C, and D. This figure shows that for the rated 
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torque 7’, the current is practically constant for all speeds, 
but the electromotive force varies with the alternations. 
Consequently, the apparent power supplied, represented by 
the product of the current by electromotive force, varies with 


Speed. Current- Power Expended. 


Torgue. 


Fic. 262.—Performance curves of a polyphase induction motor with 
different applied frequencies and different applied electromotive forces. 


the speed of the motor, and is practically proportionate to 
the power developed. 

In a few cases, where only one motor is operated, the 
generator speed can be varied. If the generator is driven by 
a waterwheel, its speed can be varied over a wide range, and 
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. Fic, 263.—Speed adjustment by changing frequency. 


the motor speed will also vary. If the generator field is held 
at practically constant strength, then the motor speed can 
be varied from zero to a maximum at constant torque with 
a practically constant current. 

Another method of accomplishing this result is by the use 
of a frequency changer. Fig. 263 shows the arrangement. 
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B and C are induction motors of the ordinary type; A is a 
direct-current motor directly connected to the rotor of B. 
C is the driving motor and B the frequency changer. The 
primary of B is connected to the line, its secondary to the 


»Statoror Primary Wirding 


= Secondary 
p Resistance 


” rotor or Secondary Winding 


Fig. 264.—One secondary circuit closed (changing the number of phases 
of the secondary winding). 


primary of C. The frequency of the current delivered to C 
depends on the relation of the speed of the rotor B to the 
synchronous speed of B; the slower the rotation of the rotor 
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Fic. 265.—Connections for automatic starters for alternating-current 
motors. 


the higher the frequency delivered to C and the higher the 
speed of C. The speed of the rotor B is controlled by adjust- 
ing the field of motor A. Motor B must be practically the 
same size as C; but motor A can generally be relatively 
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smaller, the exact size depending on the maximum and 
minimum frequency and the power required for motor C. 
This method can be applied with special advantage where 
direct-current motor drive is not desirable. 

394, Speed Control of a Polyphase Motor by Changing the 
Number of Phases of the Secondary Winding.—If only one 
of the secondary circuits is closed the motor will run at 
about half speed, with very low power-factor and poor 
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Fia. 266.—Arrangement of float switch control for a single-phase motor. 


efficiency. This method of speed adjustment (Fig. 264) is 
frequently used in experimental work, but has no extensive 
commercial applications. 

395. The Methods of Connecting Float-control Automatic 
Starters for Alternating-current Pump Motors are illustrated 
by the typical diagrams of Fig. 265. Fig. 266 shows the wir- 
ing of a non-automatic float switch used with a single-phase 
motor of the type which does not require an automatic starter. 
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The principle of operation of this float switch is shown in Fig. 
114, Where the pump motor is controlled by a pressure regu- 
lator, the connections for an alternating-current motor are 
essentially the same as those for a direct-current motor and 
are illustrated in Fig. 115. 

396. To Reverse the Direction of Rotation of a Polyphase 
Induction Motor.—For a two-phase, four-wire motor, inter- 
change the connections of the two leads of either phase. For 
a two-phase, three-wire motor, interchange the two outside 
leads. For a three-phase motor, interchange the connections 
of any two motor leads. . 


SECTION 11 


TROUBLES OF ALTERNATING-CURRENT GENERA- 
TORS AND MOTORS 


397. The Troubles of Alternating-current Generators and 
Motors are in some respects similar to those encountered with 
direct-circuit machines, and the methods of rectifying them 
are, in some cases, similar. However, since the construction 
of the alternating- is radically different from that of the direct- 
current apparatus, it follows that each type (a.c. and d.c.) 
will be subject to certain troubles peculiar toitself. Thereader 
is advised to review carefully Sec. 4, “Troubles of Direct-cur- 
rent Generators and Motors” because such portions of that 
section as may apply to alternating-current machines will not 
be repeated in this section. The methods there (Sec. 4) de- 
scribed of locating field-coil (Art. 223) and insulation-resistance 
(245) troubles can, with obvious modifications, be applied for 
alternating-current revolving fields. Considerable of the ma- 
terial in this section is based on that in the book, Motor 
TrousLes by E. B. Raymond. 

398. Bearing Troubles of Alternating-current Machinery 
are due to the same causes that originate difficulties with 
bearings in direct-current units. “Hence, for information on 
this subject see Art. 230 and following articles in Sec. 4, 
“Troubles of Direct-current Generators and Motors.” See 
following Art. 402 for discussion of induction-motor bearing 
troubles. 

399. Troubles of Alternating-current Generators.*—The 
following causes may prevent alternating-current generators 
from developing their normal e.m.f.; 

(1) The speed of the generator may be below normal. (2) 
The switchboard instruments may be incorrect and the voltage 
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may be higher than that indicated, or the current may be 
greater than is shown by the readings. (3) The voltage of, 
the exciter may be low because its speed is below normal, or 
its series field reversed, or part of its shunt field reversed or 
short-circuited. (4) The brushes of the exciter may be in- 
correctly set. (5) A part of the field rheostat or other un- 
necessary resistance may be in the field circuit. (6) The 
power-factor of the load may be abnormally low. 

400. Induction Motor Troubles.*—The unsatisfactory 
operation of an induction motor may be due to either ex- 
ternal or internal conditions. The voltage or the frequency 
may be wrong, or there may be an overload on the machine. 
Low voltage is the most frequent cause of trouble. The start- 
ing current is sometimes twice the running current, with the 
result that the voltage is particularly low at starting. The 
best remedy for this disorder is larger transformers and larger 
motor leads, one or both. The troubles that occur most 
frequently within the motor itself are caused by faulty insu- 
lation, and by uneven air gap due to the springing of the motor 
shaft or to excessive wear in the bearings. If a wound-rotor 
machine refuses to start, the trouble may be due to an open 
circuit in the rotor winding. A short-circuited coil in the 
motor will make its existence known by local heating in the 
latter. Most motors designed to employ a starting resistance 
will not start at all if the resistance is omitted from the 
secondary circuit. 

401. Causes of Shutdowns of Induction Motors.—Some- 
times there is trouble from blowing fuses. Or possibly, and 
more serious, the fuses do not blow and the motor, perhaps 
humming loudly, comes to a standstill. Under these condi- 
tions, the current may be 10 times normal, so that the heat- 
ing effect, being increased as the square of the current, or 100 
fold, causes the machine to burn out its insulation. Since the 
torque or turning power of an induction motor is proportional 
to the square of the applied voltage (one-half voltage produces 
only one-quarter torque), it is evident that lowering the 
voltage has a decided effect upon the ability of the motor to 
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carry load, and may be the cause of its stopping, Another 
cause may be that the load on the motor is more than equal 
to its maximum output. 

402. Bearing Troubles in Induction Motors.—The bearings 
may have become worn, so that the air gap (which ordinarily 
is not much over 0.040 in. and on small motors as small as 
0.015 in.) has been gradually reduced at the lower side of the 
rotor to practically zero. The rotor commences to rub on the 
stator. The frictionsoon becomes so great that it is more than 
the motor can “pull.” The result is that it shuts down. A 
shutdown may be due to bearings introducing excessive friction. 
Hot bearings, in turn, may be due to excess of belt tension, 
dirt in the oil, oil rings not turning, or to improper alignment 
of the motor to the machine that it drives. Hence, under 
such conditions, it should be ascertained whether the voltage 
has been normal, whether the air-gap is such that the rotor 
is free from the stator, and whether the load imposed upon the 
motor is more than that for which it was designed. In any 
installation a system should be arranged whereby an inspector 
will examine the gap, bearings, etc., periodically. See Art. 233 
for information relating to ball bearings for motors. 

403. Starting Switch Troubles in Wound-rotor Motors.— 
Rarely, shutting down may be due to the working out of the 
starting switch, which may be located within the armature. 
Such a switch is operated by a lever engaging a collar which 
bears on contacts which, as they move inward, cut out the 
resistance in series with the rotor winding and located within 
it. If the short-circuiting brushes work back, introducing 
resistance into the armature circuit while the machine is try- 
ing to carry load, it will at once slow down in speed and 
probably stop, usually burning out the starting resistance. 
Of course, this can occur only from faulty construction. The 
remedy is to fit the brushes properly, so that they will not 
work out. 

404. Low Torque while Starting Induction Motors.—Al- 
though the circuit to the motor be closed, sometimes it does 
not start. The same general laws of voltage, etc., apply to 
the motor at starting as when running. Hence, the points 
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mentioned under “shutdowns” (Art. 401) should be investi- 
gated and if necessary corrected. The resistance, which is 
frequently inserted in the armature, may be short-circuited, 
thus giving a low starting torque. Unless a starting com- 
pensator is used for starting, it is necessary, in order to 
obtain a proper starting torque with a reasonable current, that 
a resistance be inserted in the rotor circuit. The resistance 
not only limits the current, which would, with the motor 
standing still, be large, but it causes the current of the arma- 
ture to assume a more effective phase relation, so that with 
the same current a far larger torque is obtained. A partial 
or complete short-circuit of the resistance partially or wholly 
ruins the starting torque. 

405. Low Maximum Output of Induction Motors.—The 
maximum load which a motor can carry may be less than 
desired, or less than the nameplate indicates. If the vol- 
tage, air gap, load, etc., are right, it may be possible that a 
mistake has been made in connections. It is then easiest to 
return the motor to the factory, but if immediate operation 
is essential, the armature connections can readily be changed 
so as to give a large increase in output. To ascertain what to 
do, remove the bracket on the side of the motor which covers 
the connections between the coils. Pick out one phase, and 
find out how many groups of coils are connected up. From 
this, the number of poles can be determined. A better way 
is to calculate this from the speed of the motor and the fre- 
quency of the circuit on which it is running. See 315. 

From an examination of the connections it can be easily 
determined whether the poles in any place are connected in 
series or in multiple, or in series-multiple. Thus, in a motor 
the connections may be as shown at the left in Fig. 267, 
which indicates the windings of one phase of a four-pole motor 
If the connections be changed to those shown at the right 
in Fig. 267, each coil will then receive double its former vol- 
tage and the motor will give 4 times the output. Before mak- 
ing a change in connections such as that indicated here one 
must ascertain to a certainty that the increased current that 
will result will not injure the windings. 
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It should be borne in mind, however, that this renders 
the motor less efficient, increasing the exciting current, and 
thus lowering the power-factor. If conditions demand it, 
this method may be followed. The temperature under the 
new conditions should be carefully observed to insure that 
there is no undue heating. The only change in connections 


matey Winding --} ~~~ 


Coils Connected in Series, Coils Connected in Series Parallel. 


Fig. 267.—Connections of induction-motor coils. 


that can be used for quarter-phase motors is of the type of the 
one just described. 

With three-phase motors the poles can be grouped not only 
as previously suggested, but a variation of connections from 
delta to star, or the reverse, can be made. A delta-connected, 
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Delta Connected Coils. Star Connected Coils. 
Fia. 268.—Three-phase motor coil connections. 


two-pole motor is shown at the left in Fig. 268, where the three 
phases are indicated by the letters, A, Band C. Any one of 
these phases may have poles connected in either series or 
multiple. In a delta connection with the coils spaced 120 
deg. apart, as shown in Fig. 268, each phase has the line 
voltage EF. 
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In the star connection the phases are joined as shown at the 
right in Fig. 268. In this case, as with the delta connection 
each phase may have poles in series or in multiple. In the 
star connection of Fig. 268, each coil has a voltage of 0.58 
x E. 

406. Winding Faults of Induction Motors.—When a new 
induction motor is received, it sometimes happens that in 
attempting to operate the machine, although it will start, 
the currents are excessive and unbalanced, undue heating ap- 
pears or a peculiar noise is emitted and accompanied possibly 
by dimming of the lights on the same circuit and the lower- 
ing of speed with perhaps actual shutdown of other induc- 
tion motors thereon. If, after examination, there is found 
to be no difficulty with the air gap, belt tension, starting resist- 
ance or bearings, the probabilities are that the coils of the 
motor have been wrongly connected or that the winding has 
been damaged during transportation. Certain indications of 
these conditions are shown by instrument readings. The 
winding faults in a three-phase motor may be: . 

(1) One coil of the rotor may be open-circuited. The 
armature or rotor may have a defective winding just as may 
the field. (A coil-wound rotor construction is used only when 
a starting resistance is used. When a compensator is used 
no starting resistance is required, and the winding consists 
simply of bars connected at the ends by a ring.) (2) Two 
coils or phases of the armature may be open-circuited. (3) 
Armature may be connected properly but field coil or phase 
may be reversed. (4) Part of field may be short-circuited. 
(5) One phase of field may be open-circuited. 

407. With an Open Circuit in Field or Stator in a three- 
phase motor, current would flow only in two legs. There 
would be no current in the other leg and the motor would not 
start from rest with all switches closed. However, a three- 
phase motor or a two-phase motor will run and do work 
single-phase if it is assisted in starting. The starting torque 
is zero, but as the speed increased the torque increases. With 
a small motor, giving a pull on the belt will introduce enough 
corque so that it will pick up its load. Therefore, while an 
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open circuit in the field winding should be found and repaired, 
if there is not time for repairs, the motor can be operated 
single-phase to about two-thirds of normal load. The power- 
factor conditions and effects on the rest of the circuit are prac- 
tically no worse than when the motor is running three-phase. 
The torque graph of a 1-h.p., three-phase induction motor 
from rest to synchronism, when running single-phase, is indi- 
cated in Fig. 203. The torque curve of a 20-h.p., three-phase 
motor is given in Fig, 204, and of a 1-h.p., three-phase motor 
in Fig. 205. 

408. Balking of Induction Motors.—With induction motors 
having certain slot relations between armature and field, at one 
certain percentage of speed, the torque will decrease to almost 
zero. The motor will start its load properly, but will sud- 
denly lose its torque at some slow speed, perhaps one-tenth 
normal. Such trouble may be caused by a magnetic locking 
effect of the teeth of the armature with the poles of the field. 
This phenomenon cannot easily be measured with ordinary 
measuring instruments and facilities. But with special torque 
measuring instruments the peculiar synchronous locking can 
be measured and exactly located. If all other investigations 
show no cause of weak torque during the rise of the speed 
from rest to synchronism, the relation between the number 
of poles and slots in the rotor may account for the trouble. 
This is an unusual condition, but on squirrel-cage motors 
it has existed. There is no remedy but a change in design, 
so that the manufacturer must take action for correction. 

409. Squirrel-cage Armature or Rotor Troubles.— Unusual 
operation due to reversals of phase, phases open-circuited, 
and other causes, occur with squirrel-cage armatures as well 
as with wound armatures. Poor soldering of the armature 
bars may be the cause. Sometimes a solder flux may be used 
that will insure proper operation for a while, but time will 
develop poor electrical contacts due to chemical action at 
the joints. If the resistances of all of the squirrel-cage joints 
are uniformly high, the effect is simply like that of an arma- 
ture having a high resistance, which causes a lowering of the 
speed and local heating at the joints. If some of the joints 
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are perfect, but some bad, the motor may not nae the 
ability to come up to speed and there will be unbalanced 
currents. 

410. Effects of Unbalanced Voltages on Tadaetion Motors. 
—The maximum output of a polyphase induction motor may 
be materially decreased if the voltages impressed on the dif- 
ferent phases are unequal. On a three-phase system, the 
three voltages between the legs 1-2, 2-3 and 1-3 should be 
. approximately equal. Also on a two-phase the voltage 1-2 
should equal 3-4. If these voltages, impressed on the induc- 
tion motor, are not equal the maximum output of the motor 
as well as the current in the various legs is proportionately 
affected. 


Exampies.—With a two-phase motor, if the voltages in the two legs 
differ by 20 per cent., a condition sometimes encountered in normal 
practice, the output of the motor may be reduced 25 per cent. Then, 
instead of being able to give its maximum output of, say, 150 per cent. 
for a few moments, it will give but 112 per cent. The varying loads 
which the motor may have to carry may shut it down. In cases of 
low maximum output, the relative voltages on the various legs should 
always be investigated. If they vary, the trouble may be due to this 
variation. | 

In addition to the effect on the maximum output, the unequal distri- | 
bution of current in a two-phase motor under such conditions may be | 
quite serious. Consider a specific case of a 15-h.p., 6-pole, 1,200-— 
r.p.m., 220-volt motor, with the voltage on one leg 220 and the voltage © 
on the other leg 180; current in leg No. 1 was 60 amp. and in leg No. 
2, 35 amp. at full-load’ The normal current at full-load was 35 amp. | 
Thus the fuse might blow in the phase carrying the high current, caus- _ 
ing the motor to run single-phase. If an attempt is made to start the 
motor, the blown fuse not being noticed, there would be no starting | 
torque. | 

Consider the specific case of a six-pole, 10-h.p., 1,200-r.p.m., 160-volt, — 
three-phase motor. The motor on normal voltage, at full-load, took 110 
amp. in each leg. With unbalanced voltages of 161, 196 and 168, only 
full-load could be carried, although the average of these voltages is such 
that it might be assumed that 25 per cent. overload should be carried. 


411. Induction Motor Starting Compensator Troubles.— 
Sometimes a mistake is made in the connections to the com-_ 


pensator, so that full voltage is used at starting and the 
lesser voltage after throwing over the switch. Then the motor 
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at starting takes excessive current, and, since the maximum 
output is in proportion to the square of the voltage, the motor 
capacity is much reduced when it is apparently running on 
the operating position, Such action, therefore, can usually be 
accounted for by a wrong connection in the compensator. 
Sometimes a motor connected to a compensator takes more 
current at starting than it should, under which conditions a 
lower tap should be tried. Compensators are usually sup- 
plied with various taps and the one should be selected which 
produces the least disturbance on the line, giving at the same 
time the desired starting torque on the motor. 

412. When a Motor, Having Been Connected to a Com- 
pensator, Will Not Start, the cause may be entirely in the 
compensator. The compensator may have become open-cir- 
cuited, due to a flash within. The switch may have become 
deranged, so that it will not close, or a connection within 
the compensator may have become loosened. Possibly, when 
a motor will not start when connected to a compensator just 
installed, a secondary coil may be ‘‘bucked”’ against another 
secondary coil within the compensator so that on voltage is 


) _ produced by the compensator at the motor. This results in 


no appreciable excess heating and in no apparent phenomenon 
which would account for the motor not starting. An am- 
meter in the motor leads will indicate the absence of current, 
or a voltmeter will indicate the absence of voltage. 

413. Induction-motor Collector-ring Troubles.—It is essen- 
tial that the contact of the brushes on the collector rings 
be good, else the contact resistance will be so great as to slow 
the motor down and to cause heating of the collector itself. 
This effect is particularly noticeable when carbon brushes are 
used. The contact resistance of a carbon brush under normal 
operation pressure and carrying its usual density of current 
(40 amp. per sq. in.) is 0.04 ohm per sq. in. Thus, under 
normal conditions, the drop is 0.04 * 40, which equals 1.6 
volts. If the contact is only one-quarter the surface, this 
drop would be 6.4 volts, and might materially affect the speed 
of the motor. Thus, if the speed is below synchronous speed 
more than it should be (normally it should not be over 4 per 
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cent. below), an investigation of the fit of the brush upon 
the collector may show up the trouble. 

If copper brushes are used, this trouble is much less liable 
to occur, since the drop of voltage, due to contact resistance 
when running at normal density (150 amp. per sq. in.), is only 
one-tenth that of carbon. The same trouble may occur due 
to the pigtail, which is usually used with carbon brushes, 
making poor contact with the carbon, which gives the same 
effect as a poor contact with the collector itself. 

414. Hunting of Induction Motors.—In very rare cases an 
induction motor will hunt and cause much trouble. The 
phenomenon appears as a speed variation of 1 or 2 per cent. 
each side of the normal speed, with a period of vibration de- 
pending upon the conditions. It may be anywhere from 10 
to 500 swings a minute. This rare phenomenon of induction 
motors depends upon the drop in the line between the genera- 
tor operating the induction motor and the motor itself, and 
upon the design and slot relations of field and armature. It 
will cease if the line resistance be cut out between the motor 
and the generator. If this is not possible, it can sometimes 


be stopped on at three-phase motor by changing from delta | 


to Y connection, or possibly the grouping of the poles may be 
changed. In any case, the flux in the motor is altered. 


415. The Period of Motor Hunting Has Nothing Whatever _ 
~ To Do with the Hunting of the Generator.—Hunting of a motor | 
may occur even though the generator speed is exactly uniform. | 


This action is entirely distinct from a variation of the uni- 


formity of the speed of the generator due to the engine driy- | 
ing (Art. 289) which lack of uniformity is repeated by the motor | 


itself. It is more vicious and usually results in a gradual in- 


crease of amplitude of swing until the motor finally gets swing- | 


ing so badly that it finally breaks down and stops entirely. 


Ordinarily, the manufacturer is responsible, but a change of | 


connections will often cure the trouble and keep the apparatus 
in operation until a permanent correction can be effected. 


416. Improper End Play in Induction Motors.—Induction | 
motors are so designed that the revolving parts will play end- | 
wise in the bearing; 1/6 in. or so. If in setting up the ma- 
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chine the bearings so limit this end action that the rotor does 
not lie exactly in the middle of the stator, there is a strong 
magnetic pull tending to center the rotor. If the bearings 
will not permit this centering, the thrust collars must take 
the extra thrust which, in an induction motor, is considerable. 
If in addition to the magnetic thrust the belt pull is such as 
to also draw in the same direction, the trouble is aggravated. 
The end force may be such as to heat the bearing excessively 
and to cause cutting, soon rendering the motor inoperative. 

417. In Case of Trouble with Bearings, the end play should 
be tested by pushing against the shaft with a small piece of 
wood, placed on the shaft center. With the machine operat- 
ing and rotating under normal conditions there should be no 
particular difficulty in pushing the shaft first one way from 
one side, and then the other way from the other side. If it 
is found that the revolving part is hugging closely against one 
side, the trouble can be corrected either by pressing the spider 
along the shaft in a direction toward which the hugging is 
occurring, or by driving the tops of the lamination teeth in the 
same direction. With a wooden wedge, the tops of the teeth 
can often without any difficulty be driven over 1g to 3¥¢ in. 
This movement will usually correct the trouble. Driving the 
teeth of the stator 1g in. or so in the opposite direction to 
that of the end thrust will usually accomplish the same result. 
It is best to choose the teeth (stator or rotor) which are most 
easily driven over. The thin long ones move easier than do 
the short broad ones. 

418. Oil.Leakage of Induction Motor Bearings.—Some- 
times a bearing will permit oil to be drawn out, perhaps a very 
little at a time. Ultimately enough will accumulate to show 
on the outside or on the windings of the machine. While a 
motor will run for a period with its windings wet with ordinary 
lubricating oil without being apparently injured, insulation 
soaked with oil will deteriorate and eventually fail. One of 
the principal causes is a suction of the oil due to the drafts 
of air from the rotor, and one of the best methods of stopping 
the trouble, under ordinary conditions, is to cut grooves in 
the babbitt lining as shown in Fig. 269 at B and D. These 
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grooves on a 50-h.p. motor may be } in. deep and 3%¢ in. 
wide. Each groove has three holes drilled through the bearing 
shell to convey the oil collected by the grooves into the oil well. 
These grooves are just as effective with a split as with a solid 
bearing. It is impossible here to go into the various causes of 
oilleakage. The groovesassuggested are ageneral remedy and 
may correct many oil-leakage difficulties. See Art. 233 for in- 
formation relating to ball bearings for electrical machinery. 
419. To Locate a Short-circuited Coil in an Alternating- 
current Motor or Generator there are several methods which 
may be used. Which one is most applicable is determined by 
the conditions of the case. Frequently a short-circuited coil 
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Fic. 269.—Grooves to prevent oil Fic. 270.—An ‘‘inducer” or ex- 
leakage. ploring-coil for locating  short- 
circuited coils. 


will “burn out,” that is, the insulation will be charred com- . 


pletely from it, in which case the identification is obvious. 
When this occurs it is usually possible to cut out the short- 
circuited coil, to close the circuit and continue operation. 
Often such a coil will not become sufficiently heated to burn 
out, but can be located by feeling with the hand because of its 
excess temperature above that of the adjacent coils. Where 


a motor is under consideration, the machine can be operated — 


for a time until the short-circuited coil heats so that it can be 
located with the hand and then it should be marked with a 
piece of chalk for future identification. 

420. An “Inducer” for Locating Short-circuited Coils* is 


illustrated in Fig. 270. This device, the principle of operation 


* ELEcTRICAL REyinw, Aug. 29, 1914, p. 425. 
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of which is similar to that of the one described in Art. 270, 
has been used successfully for locating short-circuited coils. 
A C-shaped soft-iron core, N (preferably laminated) is pro- 
vided with a winding having sufficient reactance so that when 
the coil is connected across the available (a 110-volt line will 
do) alternating-current line, it will not overheat. The coil 
may otherwise be of any reasonable proportions. When this 
exploring coil is placed over the core laminations, A, and rests 
over a slot in which one side of a short-circuited coil lies, the 
exploring coil will induce sufficient current in this short-cir- 
cuited coil to set up a magnetic flux across the slot, S (Fig. 
_ 270), which can be detected with a soft sheet-iron feeler, F. 
Hence, to use an exploring coil of this type, shift the energized 
coil around the entire interior circumference of the state, at the 
same time holding the feeler at a distance from the gap of the 
exploring coil, equal to the pitch of the coils. 


SECTION 12 


TESTING OF ALTERNATING-CURRENT GENERATORS 
AND MOTORS 


421. An Alternating-current Generator Excitation or Mag- 
netization Test is diagrammed in Fig. 271. The object of 
this test 1s to determine the change of the armature voltage, 
due to the variation of the field current, when the external 
circuit is open. As shown in Fig. 271 the field circuit is con- 
nected with an ammeter, J, and a rheostat, R, in series with 
a direct-current source of supply. The resistance of the rheo- 
stat is varied, and readings of the.voltmeters across the arma- 
ture coils and of the ammeter, are recorded. The generator 
speed must be kept constant, preferably at the normal speed 
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Fia. 271.—Arrangement of apparatus for determining data for plot- 


ting a magnetization graph of a three-phase, alternating-current | 


generator. 


which is specified on the nameplate. By plotting the current. 
and the voltage values thus obtained on squared paper the | 
excitation or magnetization graph of the machine will be the | 


result. 


422. A Synchronous-impedance Test of an Alternating-— 


current Generator may be made as indicated in Fig. 272. 
In determining the regulation of an alternating-current gen- 


erator, it is necessary to obtain what is called the “synchro- | 
nous impedance” of the machine. To do this, the field is | 
connected, as shown. The voltmeters (Hi, HE, and E3) are’ 
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removed and the armature short-circuited with the ammeters 
(11, Zz, and J) in circuit. The field current, J;, is then varied, 
the armature driven at synchronous speed, and the arma- 
ture current measured by the ammeters. The relation be- 
tween field and armature amperes is then plotted on squared 
paper. A combination of the results of this test, with those 
obtained from the test shown in Tig. 271, is used in the deter- 
mination of the regulation of a generator. Engineers differ, 
however, as to application of the values obtained as above 
to the determination of regulation. Methods of combining 
the results will not, therefore, be discussed here. 

423. A Load Test of a Three-phase, Alternating-current 
Generator may be made by means of the connection shown 
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Fig. 272.—Kquipment for making a load test on a three-phase alternat- 


ing current generator. 


in Fig. 272. Readings of armature current and field amperes 
are obtained at any desired load. The field current, J;, can 
be varied also so as to maintain constant armature voltage 
irrespective of load, or the field current may be kept constant 
and the armature voltage allowed to vary as the load in- 
creases.. The connections may also be used to make a tem- 
perature test on the generator by loading it with an artificial 
load. In some cases after the generator is installed the ar- 
rangement shown may be used to make a temperature test, 
loading the machine with the actual commercial load the 
generator is serving. 

424. In Testing Alternating-current Generators for Insu- 
lation Resistance, the same general methods (Art. 245) may 
be followed as with direct-current machines. 
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425. For Determining the Brake Horse-power Output and | 


the Torque of Alternating-current Motors the same Prony- | 
brake methods (See Art. 237) that are used with direct-current | 


motors are employed. Refer to Sec. 5, “Testing of Direct- 

current Motors and Generators,” for further information. 
426. With Very Large Machines Under Test, it is inadvis- 

able to use the above method as it is sometimes difficult to 


so adjust the pulleys and belt tension that the belt slip will 


be just right to compensate for the difference in the diameters 
of the pulleys, and very violent flapping of the belt results. 
To meet such conditions various other methods have been 
devised. One which gives consistent results is the following: 
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Fia. 273.—Equipment for making a temperature test of a large three- 
phase generator or synchronous motor. 


Supply the rotor with normal field current. The stator, S, is 
connected in open delta (Fig. 273) and full-load current sent 


through it from an external source of direct current. Care | 


should be taken to ground one terminal of the direct-current 
generator, as at G, so as to eliminate danger of shock, to at- 
tendants, due to the voltage on the stator winding. The 
rotor is then driven at synchronous speed. 


If the stator is designed for 2,300-volt star connection, the | 
voltage generated in each leg of the delta will be 1,330 volts, © 
and unless one leg of the direct-current generator were 


grounded, the tester might receive a severe shock by con- 
tacting with the direct-current circuit. The insulation of the 
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direct-current machine will also be subjected to abnormal 
strain unless one terminal is grounded. . 

By the above method the rotor is subjected to its full 
copper loss and the stator to full copper loss and core loss. 
Temperature readings are taken as recommended in the 
STANDARDIZATION Ruies or tHE A. I, E. E. This method 
may also be used with satisfactory results on large three- 
phase motors of the wound-rotor type. 

427. The Method of Measuring the Input of a Single- 
phase Motor of any type is shown in Fig. 274, the ammeter, 
voltmeter and wattmeter being connected as indicated. The 
ammeter, A, mteasures the current flowing through the motor, 
the voltmeter, C, the e.m.f. across the terminals of the motor, 
and the wattmeter, B, the total power which flows through 
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Fig, 274.—Instruments and connections for measuring the input of a 
single phase motor. 


the motor circuit. With the connections as shown, the watt- 
meter would also measure the slight losses in the voltmeter 
and the potential coil of the wattmeter, but for motors of 
14 h.p. and larger, this loss is so small that it may be neg- 
lected. The power-factor may be calculated by dividing the 
true watts as indicated by the wattmeter, by the product of 
the volts and amperes. 

428. A Three-phase Generator or Synchronous-motor 
Temperature Test may be made as diagrammed in Fig. 275, 
which shows the arrangement usually employed in shop tem- 
perature tests of these machines. ‘The’ two generators or syn- 
chronous motors of same size and type are belted together, 
one, M, to be driven as a synchronous motor and the other, 
G, as an alternating-current generator. The method employed 
is to synchronize the synchronous motor, , with the generator 
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or generators on the three-phase circuit, L, and then connect 
it to the line by means of a three-pole, single-throw switch. 
The alternating-current generator, G, is then similarly syn- 
chronized with the generator of the three-phase circuit and 
thrown on the line. By varying the field of the generator it 
can be made to carry approximately full-load. The motor 
will then also be approximately fully loaded. The usual 
method is to have the motor carry slightly in excess of full- 
load, and the generator slightly less than full-load. Under 
these conditions the motor will run a little warmer than it 
should with normal load, while the generator will run slightly 
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Fic. 275.—Method of making a temperature test of a three-phase gen- 
erator or motor. 


cooler. Temperature measurements are then made in the same 
way as discussed under three-phase motors. The necessary 
ammeters, voltmeters and wattmeters for adjusting the loads 
on the motors and generator are shown in the illustration. 

If the pulleys are of sufficient size to transmit the full-load 
with, say, 1 per cent. slip, the pulley on the motor should be 
1 per cent. larger in diameter than the pulley on the generator, 
so that the generator will remain in synchronism and, at the 
same time, deliver power to the circuit, L. 

429. To Determine the Approximate Input Load ona Three- 
phase Motor by the Voltmeter and Ammeter Method the ar- 


ee 
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rangement shown in Fig. 276 may be used. The current 
through one of the three lines and the voltage across one phase 
ismeasured. If the voltage is approximately the rated voltage 
of the motor and the amperes the rated current of the motor 
(as noted on the nameplate), it may be assumed that the 
motor is carrying approximately full-load. If, on the other 
hand, the amperes are much in excess of full-load rating, it is 
evident that the motor is carrying an overload. The heat 
generated in the copper varies as the square of the current. 
That generated in the iron varies anywhere from the 1.6 power 
to the square of the current. This method is exceedingly 
convenient if a wattmeter is not available, although it is, of 
course, of no value for the determination of the efficiency or 
power-factor of the apparatus. This method gives fairly 
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Fig. 276.—Connections for determining the load on a three-phase motor 
by the approximate “‘voltmeter-and-ammeter’’ method. 


accurate results, providing the load is fairly well balanced on 
all three of the phases of themotor. If there is much difference 
in the voltages across the three phases, the ammeter should be 
switched from one circuit to another, and the current measured 
in each phase. If the motor is very lightly loaded and the 
voltage of the different phases varies by 2 or 3 per cent., the 
current in the three legs of the circuit will vary 20 to 30 per 
cent. 

430. Where an Accurate Input Test of a Three-phase 
Motor is-Desired the ‘““Two-wattmeter” Method is Used.— 
This is illustrated in Fig. 277. Assume that the motor is 
loaded with a Prony brake so that its output can be deter- 
mined. ‘This method gives correct results even with consider- 
able unbalancing in the voltages of the three phases. With 
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the connections as shown, the sum of the two wattmeter read- 
ings gives the total power in the circuit. Neither meter by 
itself measures the power in any one of the three phases. In 
fact, with light-load one of the meters will probably give a 
negative reading, and it will then be necessary to either re- 
verse its current or potential leads in order that the deflec- 
tion may be noted. In such cases the algebraic sums of the 
two readings must be taken. In other words, if one reads + 
500 watts and the other — 300 watts, the total power in 
the circuit will be: 500 — 300 = 200 waits. 

As the load comes on, the readings of the instrument which 
gave the negative deflection will decrease until they drop to 
zero, and it will then be necessary to again reverse the po- 
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Fic. 277.—Connections of instruments for determining the load on a 
three-phase induction motor by the ‘‘two-wattmeter’’ method. 


tential leads on this wattmeter. Thereafter, the readings of 
both instruments will be positive, and the: numerical sum of 
the two should be taken as the measurement of the load. If 
one set of the instruments is removed from the circuit, the 
reading of the remaining wattmeter will have absolutely no 
meaning. As suggested above, it will not indicate the power 
under these conditions in any one phase of the circuit. The 
power-factor is obtained by dividing the actual watts input by 
the product of the average of the voltmeter readings x the aver- 
age of the ampere readings X 1.73. 

431. The Three-phase-motor Input Test, Polyphase-watt- 
meter Method is identical with that described above except 
that the polyphase wattmeter itself combines the movements 
of the two wattmeters. Otherwise the method of making the 
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measurements is identical. If the power-factor is known to be 
less than 50 per cent., connect one of the wattmeter movements 
so as to give a positive deflection; then disconnect move- 
ment 1 and connect movement 2 so as to give a positive de- 
flection. Then reverse either the potential or current leads 
of the movement giving ‘the smaller deflection, leaving the 
remaining movement with the original connection. The read- 
ings now obtained will be the correct total watts delivered 
to the motor. 

If the power-factor is known to be over 50 per cent., the 
same method should be employed, except that both movements 
should be independently connected to give positive readings. 
An unloaded induction motor has a power-factor of less than 
50 per cent., and may, therefore be used as above for determin- 
ing the correct connections. Fora better understanding of 
the reasons for the above method of procedure, it is suggested 
that the discussion of power measurement by the two-watt- 
meter method (Art. 430) be read. 

The power-factor may be calculated as under the test pre- 
viously described in Art. 427. Connect as per Fig. 277. The 
following check on the connections may be made, Let the 
polyphase induction motor run idle, that is, with no load. 
The motor will then operate with a power-factor less than 50 
per cent. The polyphase meter should give a positive indi- 
cation, but if each movement is tried independently one will 
be found to give a negative reading, the other movement will 
give a positive reading. The movements can be tried inde- 
pendently by disconnecting one of the potential leads from 
the binding post of one movement. When the power-factor 
is above 50 per cent. then both movements will give positive 


. deflection. 


432. The ‘‘One-wattmeter-method,’ Three-phase-motor 
Input Test is equivalent to the two-wattmeter method with 
the following difference. A single voltmeter (Fig. 278) with 
a switch, A, can be used to connect the voltmeter across 
either one of two phases. Three switches, B, C and D, 
are employed for changing the connection of the ammeter 
and wattmeter in either one of the two lines. With the 
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switches B and D in the position shown, the ammeter and 
wattmeter series coils are connected in the upper line. The 
switch C must be closed under these conditions to close the 
middle line. Another reading should then be taken before 
any change of load has occurred, with switch A thrown 
down, switch B closed, switch D thrown down and switch 
C open. The ammeter and the current coil of the watt- 


meter will then be connected to the middle line of the motor. 


To prevent any interruption of the circuit, the switches 
B, D and C should be operated in the order given above. 
With very light load on the motor, the wattmeter will 
probably give a negative deflection in one phase or the other, 
and it will be necessary to reverse its connections before 
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Fia. 278.—Arrangement of circuits for testing a three-phase motor 
by the “‘one-wattmeter”’ method. 


taking the readings. For this purpose a double-pole, double- 
throw switch is sometimes inserted in the circuit of the po- 
tential coil of the wattmeter so that the indications can be 
“reversed without disturbing any of the connections. It is 
suggested, that, before undertaking this test, the instructions 
for test by the two-wattmeter (Art. 480) and by the poly- 
phase-wattmeter (Art. 431) methods be read. 

433. The “One-wattmeter-and-Y-box”? Method of Testing 
the Input of a Three-phase Motor, a diagram for which is 
shown in Fig, 279, is of service, only, where the voltages of 
the three phases are the same. A slight variation in the 
voltages of the different phases may result in a very large 
error in the readings of the wattmeter, and inasmuch as the 
voltages of all commercial three-phase circuits are more or 


Sec. 12] TESTING OF GENERATORS AND MOTORS 285 


less unbalanced, this method is not to be recommended for 
motor testing. With balanced voltages in all three phases, 
the power is: that indicated by the wattmeter, multiplied by 
3. Power-factor may be calculated as described above. 
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Fria. 279.—Method of testing a three-phase motor with one wattmeter 
and a Y box. (To be used on balanced circuits only.) 


434. The Method of Testing for the Input of a Three- 
phase Motor Where the Neutral of the Motor has Been 
Brought Out is diagrammed in Fig. 280. Some _ star-con- 
nected motors have a connection from the neutral point 
brought outside of the motor frame of the stator or armature 
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Via, 280.— Single-wattmeter” method of testing a three-phase motor 
which has the neutral brought outside the frame. 


winding. In this case the testing circuit may be connected 
as shown. ‘The voltmeter, #, measures voltage between the 
neutral and one of the lines, and the wattmeter, P, the power 
in one of the three phases of the motor. Therefore, the total 
power taken by the motor will be 3 times the wattmeter read- 
ings. By this method, as accurate results may be obtained 
as with the two-wattmeter method, The power factor will 
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be: the indicated watts divided by the product of the indicated 
amperes and volts. 

435. The Temperature Test of a Three-phase Induction 
Motor may be conducted as delineated in Fig. 281. ‘Tempera- 
ture tests are usually made on small induction motors by 
belting the motor to a generator and loading the generator with 
a lamp-bank or resistance until the motor input is equal to 
full-load input. If, however, the motor is of considerable size 
so that the cost of the energy expended in making the test 
becomes a large item in the expense of testing, the method 
shown in Fig. 206 may be employed. Two motors, preferably 
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Fia. 281.—Apparatus ce arrangement thereof for conducting a tem- 
perature test of a large three-phase induction motor. 


of size the same and type, are required. One, M, is drivenas | 


a motor and runs slightly below synchronism, due to its slip 
when operating under load. This motor is belted to the second 
machine, G. If the pulley of the second machine is smaller 
than the pulley of the first the second will then operate as an 
induction generator, and will return to the line as much power 
as the first motor draws from the line, less the losses of the 
second machine. 

By selecting the ratio of pulleys properly, the first machine 
can be caused to draw full-load current and full-load energy 
from the line. In this way, the total energy consumed is 


.s > 
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equivalent to the total of the losses of both machines, which is 
approximately twice the losses of a single machine. Fig. 277 
shows the connection of the wattmeters (without necessary 
switches) for reading the total energy by the two-wattmeter 


- method. Detailed connections for the wattmeter are shown 


in Fig. 278. It is usual; in making temperature tests, to insert 
one or more thermometers in what is presumed to be the 
hottest part of the winding, one on the surface of the laminze 
and one in the air duct between the iron lamine. The test 
should be continued until the difference in temperature 
between any part of the motor and the air reaches a steady 
value. The motor should then be stopped and the tempera- 
ture of the rotor also measured. For the method of testing 
wound-rotor type induction motors of very large size, see 
Fig. 273. For the approved procedure in taking tempera- 
ture readings and interpreting results, see the STANDARDIZA- 
TION Russ oF THE A. I. E. EB. 


SECTION 13 


TEST DETERMINATION OF MOTOR-DRIVE POWER > 
REQUIREMENTS 


436. It is Important Thata Reasonably Accurate Determina- 
tion of the Power Required to drive a certain machine or a 
group of machines be made before the motor for the drive is 
purchased or ordered. Money expended in this direction is 
always well spent. The reason for this is that the tendency 
is usually to select a motor considerably larger than is actually 
necessary for a certain drive. Hence, the difference in cost 
between a motor that is selected on the basis of an actual test 
and the one that probably would have been selected had the > 
test not been made, often represents a very material saving in | 
capital expenditure. Such a test is particularly desirable 
where a motor to pull a group drive is to be installed, because 
the power requirement of a group of machines is a quantity 
that is difficult, if not impossible, of accurate estimation. It — 
is the purpose of this article to describe some simple methods | 
and apparatus whereby the power requirements of ordinary | 
group or machine-tool drives can be economically ascertained | 
with sufficient precision for commercial purposes. , 

437. Machine-tool Builders and Motor Manufacturers 
Often Over-estimate the Horsepower Required of a motor 
because their tendency is, obviously, to ‘‘be on the safe side.” 
This is particularly true of the tool builders. These concerns | 
are often requested to advise as to the proper horse-power | 
rating of a motor to drive a given machine. Where a motor. 
that is larger than is necessary is recommended and installed 
the result is that it may operate most of the time at a fraction | 
of full load at correspondingly reduced efficiency. In a large | 
installation, the unnecessary electrical losses and the interest | 
and depreciation on the unjustified extra investment may total 
to a very considerable annual charge. 

288 
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438. To Determine the Actual Power Required to drive a 
given machine or load, probably the best and simplest method 
is to arrange a temporary motor belt-drive to the tool or load 
in question (Fig. 282) and then measure the input to this 
temporary motor. To determine the actual power required 
to drive the load there should be subtracted from the input of 
the motor (as measured with a wattmeter or with a voltmeter 
and an ammeter) the power losses in the motor, because motors 
are rated on the basis of their brake horse-power outputs. 

439. To Determine the Losses 
of the Testing Motor at various 
loads arrange the motor for a 
Prony-brake test (Art. 238) and 
thereby ascertain its input and 
output at various loads. From 
these data, a graph indicating 
the efficiency at any load can be 
plotted. Then, the valuesfrom 
this graph can be used in making 
the correction for motor effi- 
ciency suggested in the preced- 
ing paragraph. That is, where 
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it is necessary that the power in- pee Fs 
put of a machine or a drive be Fuses 
determined quite accurately it Supply Mains 


is essential that the testing yg, 282—Arrangement of appa- 
motor be calibrated—its effi- ratus for testing power input to 
; ; machine tools. 

ciency at different loads must 

be known. It is often possible to obtain an efficiency curve of 
atesting motor from the manufacturer tothe machine. If such 
a graph is not attainable this efficiency data may be ascer- 
tained by testing as suggested above. ‘The power output of a 
motor at any instant is equal to: the power input at the same 
instant multiplied by the efficiency of the motor, at the load which 
it is carrying at that instant. 

440. Frequently Such Refinements as Corrections for Effi- 
ciency are Considered Unnecessary because the purchaser will 
buy a motor of a rating which is standard with some manu- 

19 
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facturer. ° Hence, with small motors—because it is always de- 
sirable to have a motor for any drive at least large enough— 
corrections for the efficiency of the test motor may prove an 
undesirable refinement. 
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Fie. 283.—Portable motor arranged to determine the power required by 
machine tools. 


441. There are Many Workable Arrangements for Test 
Motors.—Figs. 283 to 286 show some that have been applied 
in practice. It is usually desirable, if several determinations 
of power requirements are to be made, to mount the test motor 
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Fig. 284,—Another arrangement for a truck-mounted testing motor. 


on a truck so that it can be transported to any part of the plant 
with a minimum expenditure of time and labor. After the 
portable test motor has been drawn to the machine or group 
which it is to drive, it, or the platform on which it rests, should 
be securely bolted (Fig. 283) or braced in position. In many 
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cases it is desirable to arrange a step pulley or counter shaft on 
the platform of the test motor (Figs. 285 and 286) to insure 
that the arrangement can be used rh 
; 4 Step--~ »\\\ 
to drive a machine or shaft rotat- — °u/"y pry 
ing at any reasonable speed. \4 Anes 
442. In Making a Test of the Ih 
Power Required the motor is “”’” \ Vit 
. drawn to a convenient location \e 
near the machine, tool or shaft Beeve™ NN 
and a temporary belt drive 24) 
arranged (Figs. 282 and 283) be- 
tween the driven device and the 
motor. Then the machine or 
group to be driven is subjected to 
its normal cycle of operations and 
in the meantime the power input Fra. 285.—A portable test motor 
of the motor is measured. equipped with a counter shaft. 
443. In Connecting the Test Instruments in the Motor Cir- 
cuit it is desirable that provision be made which will render 
it unnecessary to unsolder lugs or disconnect leads. This 
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Tia, 286.—Another form of portable test-motor-and-countershaft 
equipment, 


feature is particularly important where it is necessary to de- 
termine the power input of some motor which is already in- 
stalled and in operation. Often the most expensive and tedi- 
ous part of the work of making such a power-input test of an 
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existing motor is that involved in connecting the instruments 
into the motor circuit. As suggested in Fig. 287 the most 
convenient and economical method of connecting the instru- 
ment in such a circuit appears to be that involving the appli- 
cation of ‘dummy ”—fuse-connectors, the construction of cer- 
tain types of which are detailed 
in Figs. 288 to 291. In Fig. 287 
a direct-current testing motor 
is shown but the general scheme 
suggested is quite as applicable 
for three-phase-motors. How- 
ever, for testing a three-phase 
motor two “dummy” fuse-con- 
nectors will be required whereas 
for direct-current tests only one 
is necessary. 
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Fic. 287.—Connections for Fie. 288.—‘‘ Dummy-fuse” con- 


motor testing. (Note that placing 
the switch in the circuit ahead of 
the permanent cut-out is in viola- 


nector for a 101-200 amp. National- 
electrical-code-standard. Knife- 
blade-contact, fuse block. 


tion of National Electric Code Rule 
23a, Par. II.) 


444, In Connecting Any Instrument with Dummy-fuse- 
connectors instead of disconnecting one of the leads to the 
motor, the series coil leads of the wattmeter or ammeter may 
be inserted at the cut-out by means of the dummy-fuse-con- 
nector. The connection is effected as shown at Fig. 287. 
One of the fuses is removed from the cut-out and in its stead 
is inserted (Fig. 288) a dummy-fuse-connector. The leads of 
the wattmeter or ammeter are connected—frequently perma- 
nently—to the binding post B and B! (Fig. 288) of the con- - 
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nector. There isno electrical path directly through the dummy- 
fuse-connector because the old “blown” fuse from which it was 
made was taken apart and the portions of the fusible conductor 
which it originally contained have been removed. The circuit 
of the motor must, therefore, be completed through the watt- 
meter—or an ammeter if an ammeter is used. Where a test 
is being conducted, as indicated in Fig. 287, a portable fuse 
is often inserted in the circuit which contains the dummy-fuse- 
connector so that the motor and the instruments will be pro- 
tected against over-load while the test is being made. Such 


a fuse is not always used, but to insure against accident 
should be. 


el" “Hole for Wire 


| | --This Hole Shourd 


Nut Soldered on, be Tinned inside ---|s| 


Hh * Make Large 
AMY: Enough to 
1 _¥ Admit Stove 

Bolt Nut. 


Drill Hole Throughg 
Ring je Larger. 
than Diameter ~>7 


of Machine 
Screw EOE dual eS 
‘ap for 
TW Tin Ring, Voltmeter 
Inside Screwafter 
Brass Ring 1s 
Machine | | Solderec! 
Screw to Fuse -Meraltabe 
I. J l. se Jf Cut away 
Equal foDiameter/, Equal to Width of ” ZS 3 9\ 
of Fuse Ferrule ~~ Ferrule Minus 7% ~ SSS 
I-End View TI-Side View | I-Top View Il- Side View 
. 2 ’ 
Fig. 289.—Details of connectng Fie. 290.—Lug with ‘open hole” 
strap. for current leads. 


445. A Dummy-fuse-connector for 61- to 600-Ampere N. 
E. C. Standard Fuse Blocks is indicated in general construc- 
tion in Fig. 288. However, this illustration is dimensioned 
for a 101—200-ampere fuse. Connecting straps, which are de- 
tailed in Fig. 289, are soldered to the ferrules of what was a 
fuse. The terminals or binding posts may be arranged by 
soldering on to each of the connecting straps a nut, through 
which a brass machine screw, B and B', turns. Wattmeter 
or ammeter leads may be connected either by clamping them 
under the heads of the binding post (B and B') or they may be 
soldered into lugs of the type suggested in Fig. 290. For con- 
necting the voltage lead, a small brass machine screw, C, is ar- 
ranged to turn in a tapped hole in one of the connecting straps. 
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This hole should be drilled or tapped after the strips have 
been soldered to the ferrules. The other voltage lead can be 
connected to its side of the circuit by inserting its thin metal 
terminal lug or its bared end between the fuse knife blade 
and the corresponding contact clip. 

446. A “Forked” or “Open Hole” Lug of this type is desir- 
able in that it may be clamped 
under the machine screw head on 
the connector without removing 
the screw entirely from its hole. 
The lug (Fig. 290) may be made 

by filing away from an ordinary 

Fic. 291.—“ Dummy-fuse” lye the portion enclosed in the 
connector for a small capacity : ; a 
national-electrical-code-standard dotted lines in the illustration. 
(10-30 and 30-60) ferrule-con- 447. A Dummy-fuse-con- 
tact fuse block. 

nector for Ferrule-contact Fuse 
Blocks may be arranged as detailed in Fig. 291. A brass strip 
constituting a terminal is soldered to each of the ferrules. 
Machine screws, provided with washers, turning in tapped 
holes in these strips provide for the connection of the ammeter 
or wattmeter leads. 
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Fia, 292.—Shot”’ fuse fitted with knife switch for shunting out ammeter 


--To Motor 
<-* <— < 


From Source--* 


448, A Shunting-out Switch may be arranged on a dummy- 
fuse-connector as diagramed in Fig. 292. When the switch, 
S, is closed the ammeter or wattmeter connected across the 
dummy-fuse-connector, at A and B, is shunted out. of circuit. 
As indicated in the illustration, the hinge and the jaw of a 
knife switch are respectively soldered to each of the ferrules 
of the “blown” fuse. The lead from each of the ferrules to 
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an ammeter or wattmeter may be soldered to the ferrules or 
connected thereto as detailed in Fig. 288. When inserting a 
dummy-fuse-connector of the type shown in Fig. 292 in a live 
circuit, arrange a shunted circuit around one of the fuses by 
placing a jumper between its terminal clips; then, pull out the 
fuse and insert the dummy-fuse-connector. Then, when the 
switch, S, is opened the current taken by the machine under 
test will flow through the ammeter or wattmeter. Hence, the 
operation of the motor continues uninterruptedly and produc- 
tion is not blocked. When the test has been completed the 
terminals of the cut-out are again shunted, the dummy-fuse- 
connector withdrawn and the 
intact fuse replaced before the 
shunted jumper is removed. 
449. Graphic Instruments 
are Very Desirable for Record- 
ing Motor Power Input Tests. 
—A graphic wattmeter of one 
of the types which has been 
satisfactory for work of this 
character is illustrated in Figs. 
293 and 294. A graphic watt- 
meter will record on a strip of 
paper (Fig. 295) a graphic record 
of the power taken by the motor 
driving the machine, tool or 
group being tested at the dif- 
ferent instants of its operation. Such a curve constitutes a 
valuable permanent record and provides information which 
is difficult to obtain by any other method. Furthermore, 
where a curve-drawing instrument is used, it can be con- 
nected in the test-motor circuit and left there for a day or 
several days or for a month, during which period it will be 
automatically recording a graph of the performance and of the 
power taken by the motor. The graph indicates clearly just 
what are the maximum average and minimum power inputs 
to the motor and it shows the time relation between them. 
Where a company is purchasing a considerable number of 
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motors, a graphic mstrument will usually pay for itself in less 
than a year by enabling its owner to select motors of the small- 
est capacity which will do the work. 
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Fic. 295.—Graphic-ammeter record indicating the power required to 
“rough out” the steel shaft illustrated, 


450. Graphic Ammeters are sometimes used instead of 
graphic wattmeters for motor test work and on direct-current 
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circuits where the voltage regulation is reasonably good they 
may, in certain cases, be preferred to graphic wattmeters. 
The reason for this is that the ammeter is simpler than the 
wattmeter and more readily connected by inexperienced men 
than is the wattmeter. Such a direct-current, graphic am- 
meter will draw graphs which, by taking into account the 
voltage (which is assumed to be constant) can be calibrated 
in watts or horse-power. However, for alternating-current 
work, particularly where low power-factors are encountered 
and where, therefore, the current taken by a motor may not be 
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Tia. 296.—Portable stand for graphic wattmeter. 


at all proportional of the actual power consumed, a wattmeter 
must be used. 

451. One Graphic Instrument Can be Used to Record the 
Inputs to Motors of Various Capacities by providing suitable 
shunts and multipliers for the direct-current instruments and 
series and shunt transformers for the alternating-current in- 
struments. It frequently occurs that the electrical manu- 
facturers do not regularly list these “wide-range”’ outfits but 
will usually furnish data concerning them on application. 

452. A Stand for a Graphic Instrument, originally designed 
for switch-board mounting, can be constructed as shown in 
Fig. 296. Portable, graphic instruments (Fig. 293) are regu- 
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larly manufactured ‘but it is sometimes necessary, for one rea- 
‘gon or other, to use those of the switch-board type. The 
stand of Fig. 296 can be made of straight grained wood. The 
actual thickness of the backboard should be determined by the 
thickness of the switch-board panel for which the terminals and 
supporting studs of the instrument were designed. Fig. 297 
details the method of holding the nuts for the leveling screws. 

453. An Example of the Record of a Graphic Ammeter* 
connected in a machine-tool-drive motor circuit is represented 
in Fig. 295. This graph indicates the power consumption at 
different instants in “‘roughing out” the steel shaft shown at 
Fig. 2957. The graph reads continuously from the right to 
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Fia. 297.—Details of arrangement of leveling-screw nut. 


the left in accordance with the sequence of the time intervals 
shown along the lower line of the chart. The reference letters 
on the graph correspond with those indicated on the sectional 
view of the shaft. Hence, although the shaft was reversed 
in position while it was being measured the power and time 
required to make the various cuts (shown by the cross-hatched 
portion in J) can easily be ascertained. 

. 454. To Ascertain the Energy Represented by a Graphic 
Power Record, the area included within the graph of the record 
can be ascertained with a planimeter. This area will be pro- 
portional to the energy (kwh) consumed during the period 


represented by the graph. 
* Westinghouse Elec. & Manfg. Co. 
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455. The Practical Determination of the Torque Required 
to Drive or Start a Given Load may be effected as suggested in 
Figs. 298 and 299. With the method of Fig. 299 a wooden 
clamp is bolted on the belt 
driving the load and the actual * earors] 
torque measured by pulling on 
a spring balance fastened to the 
clamp. The force, in pounds, 
which the spring balance meas- 
ures will be the force required 
to start the load at the radius, : 
L. The torque is obtained by  Fia. 298.—Ascertaining by test 
multiplying this force by the mae Cordne ee HUE dee 
length of the lever arm, L. In Sm er ee 
pulling on the balance, it should be held parallel to the belt. By 
applying the torque formulas given in Art. 237—the speed and 
diameter of the driven pulley being known—the horse-power re- 
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‘Fria. 299.—The determination with a spring balance of the torque re- 
quired for a belt drive. 


quired by the drive may be readily computed. Where the 
driving motor transmits its power to the load through a coup- 
ling, the scheme suggested in Fig. 298 may be utilized. The 
- direction of the pull on the spring balance must be at right 
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angles to an imaginary line passing through the center of the 
shaft and through the point where the balance is attached to 
the testing lever. Where a machine is gear-driven, the torque 
may be ascertained by placing the hook of a spring balance 
over one of the arms of the gear and pulling thereon, noting 
the pounds force required to start and to move the load. 


| 
| 
| 
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SECTION 14 


MOTOR GENERATORS AND FREQUENCY CHANGES 


456. A Motor-generator Set* is Defined thus: “A trans- 
forming device consisting of a motor mechanically coupled to 
one or more generators.” 

457. A Motor-generator Set Comprises two electrically dis- 
tinct elements, a motor and a generator coupled mechanically 
together and usually mounted on the same bed plate. The 
motor and the generator may each be of any commercial type. 
See Fig. 300. -A motor-generator converts electrical energy 


Direct-Current Generator, (Alternating-Current, Induction Motor 


End. 
Bearing, 


Fic. 300.—A “Ridgway” motor-generator set. The 210-h.p., 2200- 
volt, 3-phase, 60-cycle, induction motor drives two 70-kw., 125-volt, 
700-r.p.m. direct-current generators. 


from one voltage or frequency to some other voltage or fre- 
quency or from alternating to direct current. Where the 
motor is operated by alternating current, a synchronous motor 
is frequently used because of its ability to correct low power- 
factor, but an induction motor may be used. The motor or 
generator may be either alternating current or direct current. 
Figs. 111, 112 and 113 show a motor-generator mine-hoist, 
outfit; refer to the text accompanying these illustrations for 
information relative to this application. 


* STANDARDIZATION Rutw 104, A. I.E. E., June 28, 1916, 
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458. Alternating-current Motor, Direct-current Generator — 
Sets (Fig. 301) are used to obtain a direct e.m.f. where the — 
source of energy is an alternating one. The alternating-cur- — 


rent motor may be of either the induction or the synchronous 
type, each of which has its advantages for certain applications, 
as suggested below. 


459. An Induction-motor Drive for a Motor-generator Set — 
has in its favor the features of low first cost and simplicity. | 


Induction motors may be wound for high pressures—as great 
as 13,000 volts—which, in many cases, will render the use of 
transformers unnecessary. Because of the fact that induction 
motors have a lower speed at full-load than at no-load (Art. 
316), where it is desired that the direct-current generator 
driven by such a motor maintain a constant voltage, the gen- 
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Fra. 301.—Illustrating the application of a motor generator. 


erator must be suitably over-compounded to maintain close 
voltage regulation. 


460. A Synchronous-motor Drive for a Motor-generator Set | 
is probably the more frequently used, particularly for sets of | 
considerable output. An important advantage of the syn- | 


chronous-motor drive is that an over-excited synchronous 
motor acts as a synchronous condenser (Art. 342) and hence 


may be utilized in improving the power-factor of the supplying | 
system. Due to the fact that the synchronous motor (Art. | 
342) is inherently a constant-speed motor, where a direct- | 
current generator is driven by one, the voltage on the direct- | 


current circuit can be maintained practically constant at all 
loads regardless of the alternating-current voltage and of the 
distance of the motor-generator set from the energy-supplying 
station. 
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461. A Frequency Changer motor generator set is one con- 
sisting of an alternating-current motor and an alternating- 
current generator each of a different frequency. For illustra- 
tion (Fig. 302) a 25-cycle motor may drive a 60-cycle genera- 
tor. The motor must be of the synchronous type if it is nec- 
essary that the frequency of the supplied circuit be maintained 
constant because (Art. 316) the speed of an induction motor 
decreases with the load. Frequency changers are used when 
the frequency of the supplied circuit must be different from 
that of the supply circuit. In other words, they must be in- 
stalled where it is necessary to interchange power between two 
circuits or systems of different frequencies. 


Receiving System 60 Cycles~z 


Alternating- 
Current 
Circuit 


Fic. 302.—lIllustrating the application of a frequency-changer, motor 
generator, 


ExampLe.—Electrical energy is developed at the Keokuk hydroelec- 
tric plant at 25 cycles and transmitted at that frequency to St. Louis and 
to other localities. However, inasmuch as a frequency of 60 cycles is, in 
general, more desirable for lighting—because the ‘‘flicker”’ of incandes- 
cent lamps which occurs with 25 cycles is not visible with 60 cycles— 
and furthermore, since 60-cycle motors of given outputs and speeds cost 
less than do equivalent 25-cycle motors, a frequency of 60 cycles is used 
in St. Louis and in most of the other communities supplied from this 
plant. Hence, at each of these localities where 60-cycle energy is utilized, 
a frequency changer—a 25-cycle synchronous motor driving a 60-cycle 
generator—has been installed. 


462. The Two Machines of a Frequency Changer are Me- 
chanically Coupled Together hence the speed of both machines 
must be one which will, considering the number of poles of each, 
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provide the correct frequency. Where the ratio of the two 
frequencies is an even number, the result is readily obtained. 
For instance, for converting from 25 to 50 cycles the generator 
should have twice as many poles as the motor. Often the 
frequencies involved are 25 and 60. The following tables 
show some synchronous speeds for 25- and 60-cycle machines. 


Synchronous speed 
Number of poles = 
25 cycles 60 cycles 
DWOlE Ss ae fae ati. ene es oe aha nye cee ree 1,500 3,600 
Ampolesi ste + take ns hares 750 1,800 
6 poles 500 1,200 
8 poles 375 900 
10 poles 300 720 
IA! HOLES Beye, inee tea rake eer te ee 214.27+ 514 
18 gio lederhosen ta unt ek a oe Ge 400 
2OYPOlES ino a ee eA eee ae 150 360 
DATDOlES Rents hers Seat ae eee 125 300 


Norr.—From the table it is evident that the only pole combinations 


that give precisely the same speed are 10 poles for 25 cycles and 24 
poles for 60 cycles.. Hach gives 300 r.p.m. This is a low speed and the 
cost of a set of such a speed is relatively high. For practical purposes a 
frequency of 6214 cycles can often be used instead of 60. A four-pole, 


750-r.p.m., 25-cycle motor driving a ten-pole generator will provide 624% | 


cycles. 
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Coils, balance of three-wire genera- arranwement ..0)ccce<k nee 248 
tor, connecting requirements for a.c. motors, high voltage 
OTST ve cebciers tethers tava evar tae onts 26 large capacity =... << e see 247° 
series, three-wire, compound- no-voltage release can be pro- 
wound generator, division.... 25 Vide eieie sale wicks bee , 250 
shért-circuited, a.c. motor or for squirrel-cage induction 
generator, to locate.......... 274 &.0., MOtOTS. 2s «aie PA st: 243 
Collector-ring troubles, a.c., induc- induction motors with and 
CLOMANOLORT: coum tA cic aienreneiers 271 withoutiencen ieee oso bien A 
Commutating pole d.c., generator, several motors from one..... « 250 
correct polarity at full-load TADS is <5s 5. ots a ate,e wpeneieema caren 246 
and incorrect at no-load.... 66 to limit starting current, a.c. 
shunt motor, speed regulation. 41 synchronous motors.......... 232 
generators and motors, see Gen- troubles, a.c., induction motor.. 270 
erators, commutating pole or when used starting torque re- 
motors, commutating pole. duced to value required by 
machines, see Motors or genera- OAKS srerelerecererors ovens’ Que arene 245 
tors, commutating pole. Compounding d.c. generator, effect 
poles, effect on speed regulation, on ‘voltage. cakes yon eee 154 
G:Gu MOOS neice te een 46 over, voltage increase dueto... 13 
object...... Ks gue Way here ema aie 17 Compound dynamo, see Generator, 
Winding Ofer acetate 20 compound. 
three-wire generator connec- Compound motor, see Motors, d.c., 
BULONS. erosive God SOo0 27 compound wound. 
windings, determining polari- Compound-wound d.c. generators, see 
UGS Sad ooode dime cedaadc 66 Generators, d.c., compound wound. 
Commutation, d.c. motors, deter- Condensers a.c., synchronous....... 229 
mines overload capacity...... 34 definition....... ORO. wie 231) 
PLOCESS) <5 severe. cee iene nate 113 Conductors for d.c., compensated 
Commutator, all brushes should be generators...... RAC Recto: 4 oc 16 
ited eri antes LON Ono ON OI 123 Connecting leads, d.c., compound 
bar, loose, Sparking veo oe 118 generators...... af atid ya ev gPatah th eaeaenev 56 
blackening .J5 a0. tie ae oe 116 Connection, field-spool, reversed.... 142 
COMIMULALOLS << cepetelsleisisretneere 115 d.c., shunt generators for parallel 
heating once cous one tere 115 operation. 7.0.-0 eee 51 
high TRIGA) sans aloo iso leteteneiersiore 121 _ motors, illustration........ 39 
high-mica, roughened, to remedy 122 switchboard, synchronous, a.c. 
OU), 'e1e » wieie ie efele ofely cisietereiehtetene Lo MOCO sa iewccwivoicivieeecleeremneme el 


we 4 
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Constant-current d.c. generators, see 
Generators d.c., constant current. 

Construction of commutating-pole 
CEC MENETALOVSs ers sles Garcinia 
principles and characteristics, i in- 
duction and repulsion a.c. 
motors..... AOMTOIND ei 
Contact, brush, resistance. . Biaieeisiste 
Continuous rating, definition....... 
Control, armature, objections....... 
regulator, construction....... 

speed regulators, operation... 

d.c. motors with ye eel motor- 


sete eee 


generator...... siavaceratevere relate wie 
definition...... EEA AnD oem ete 
equipment, motor, a. c., National 
Electrical Code installation 
TOCUILEMCL LB elera\sict intel nielsiste 
float, automatic starters, a.c. 
pump motors, connecting. . 


switch. a.c.,single-phase motor. 
speed, a.c. polyphase, induction 
motor, by adjusting 


HTEOUONCY anaes cs oie 
by adjusting primary 
VOIRA LO a tecicwrste vier aile 
by changing number 
OLAPOLES eves wesrs le 


of secondary phases. 

with double primary... 

MO GOLA crate) erepete a eens es /a 

by adjusting resistance 

of secondary circuit. 

cascade os 

compound d.c. motor........ 

primary, a.c., polyphase in- 

duction. Motors. eceess.c «0 

secondary, a.c. motor........ 

BDUNG C2: MOLOTSesyais alee) ecs ee 

Controller, drum, rotary or machine- 
tool type, d.c. motors.... 

type, advantages....... elovanets 

operation......c.ss 

magnet-switch, d.c. motors ietatere 

regulating, connections, com- 

pound-wound d.c. motor... 

fG2 HOLIEAAINO LOLs fetejsrsjciels siete <:s 

rheostatic........ 

Controllers, crane, d. @. motors, ar- 

rangement 

Controlling, devices for a.c. motors. 


eee ee 


- Copper brushes, reversal of current 


must be accurately effected....... 
Crane controllers, d.c. motors, ar- 
rangement Sepa I OIO.CeO MS tyre Oe ROME 


-wound d.c. motors, description. 
Current, computation, single-phase 
BO. NOCOM cis sie cies we ces 

two-phase motor a.c.. 

cross, a.c. generators, “parallel 
PIERALIOIM ees aisles sicsie os a) 6764. 
d.c. motor, to compute......... 
or voltage, a.c., single-phase gen- 
erator, kilovolt-amperes out- 

put, COMIPULAtION i694, 6105 
three-phase generator, kilovolt 


amperes output, computa- 
PAE sale «oS REN oroneienn es anern aera’ 
reversal must be accurately 


effected, with copper brushes. . 
starting, @.c. MOtOTS.....+..2.++ 
squirrel-cage inductions a,c. mo- 
tors, withdifferentimpressed vol- 
tages using compensatorstarter. 


INDEX 


Current, voltage, efficiency, power- 
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factor, a.c. generator, horse- 
power required to drive, 
COMPULATION, oolderes cla cele aie 172 
three-phase generator...... 176-204 
Curves, see Graphs. 
D 
Data, performance, d.c. motors..... 34 
Delta-star method of starting three- 
phase, squirrel-cage induction a.c. 
MROCOM Sy 5 Poe dene le Roca eere ian terete 251 
Detector, telephone receiver, used 
with Indudét aio W..c ee ane 135 
Differential compound-wound d.c. 
motors, description.......... 45 
-compound windings for d.c. 
motors and generators....... 14 
Direct-current generators, see Gen- 
erators, d.c. 
power and lighting, compound- 
wound d.c., generators used 
PODS a Riaeaiets clewelry ace 10 
Division, load, compound generators. 13 
rum controllersy acs. sevens eee 80 
rotary or machine-tool type, 
AO. IN GUOIR Ae ac enters 78 
Drying out motors and generators... 68 
Dummy-fuse connectors............ 292 
Dynamic braking, see Braking dy- 
namic. 
Dynamo, definition......... 3 oe as ul 
Dynamos, see Generators. 
BR 
Efficiency, computation, single-phase 
GLO INGGOP H's, ee as oe Are 
two-phase motor, &.¢......... 205 
d.c. generator, average value.. 32 
motor, to compute........%.. 48 
computation of igeeRnee 
ATLOLON Yee erasetees vinieleieteleteloneiers 204 
loss with a.c. induction motor 
at reduced speeds............ 195 
or power factor, kilowatt-ampere 
output, horse-power required, 
a.c., three-phase generator, 
Computation ws .le/s ve selma ate 175 
power factor, voltage or current, 
a.c., three-phase’ generator, 
horse-power required, com- 
AEATIONG |. 01s cyeln' ci cxsnetee eens 176 
voltage, current, power factor, 
a.c. generator, horse-power 
required to drive, computation 172 
Electric motor, see Motor. 
Electromotive force, a.c. generator, 
how generated: wa cues coe cn ae 164 
Energy ascertained from graphic 
power record with a planimeter.... 298 
Engine, size required to drive a. 8 
generator........ ier 177 
d.c. generator........ Sele sleisie’ Om 
steam, overload capacity....... 33 
Equalizer buses, required for "three- 
WATE) IM ACHIN SA retece ss siatvye ane, e0%s 58 
or equalizer connection, d.c. 
MONGSrALOL. “Awe hassle k ce oe oes 55 
Esterline gr rg instrument........ 296 
Excitation of generator fields....... 2 
test, 8.0. generators sceecsecsscs 276 
Exciter, belt-driven, for vertical 
water-wheel generator........ 171 
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Exciter, belt-driven, capacity 
Wired EXAMpledirs olen elsisies 
should Des AMplev esis cieisvelelewe ios 
{are eee tte eee cion 


pa ly ee ‘preferable. . 
Exploring terminal and test lamp, 
convenient arrangement.,........ 


169 


¥F 
Field, a.c., turbo generator......... 161 
circuit, open, locating.......... 142 
coil, d.c. generators or motors, 
PIACING sane e.ccclale olelid sis evore 65 
grounded, how located....... 140 
heating causes............+. 142 
open-circuited, locating...... 141 
d.c. generator, to excite from 
OULSIGO’BOULCE nn cir scale less skeve 
-discharge switches and resistors. 102 
for automatically discharging 
field circuits, a.c. generators. 171 
fluxi‘d.e. motor; test... see «al: 142 
generator, excitation OLssacsncei 2 
magnetic, a.c. induction motor,. 191 
polarityotestine.cesr cece 62 
Telay/SwitChesi. ccc ewe viesciee eine 88 
theostat, compound-wound d.c., 
generators TACO On On ahr 10 
shunting, series d.c. motor egeaesee 77 
-spool connection, reversed... .. 142 
series, equalizer ‘buses required 
for three-wire machines...... 
troubles, a.c. synchronous motor. 235 
variation, arc-light, d.c. (con- 
stant-current) generator regu- 
lated (by ia<nc csnietaeisie sce ates <6 
windings on d.c. generator frames, 
direction of, illustration...... 15 
File for tuning commutator......... 117 
Flashing, commutator, sparking.... . 130 
Flat-compounded compound-wound 
d.c. generator, definition.......... 
Float-control automatic starters, a.c. 
pump ako a connecting..... 261 


Switches. 
control, a. ¢. ‘single-phase motor. 261 
Flux, action of in Sage Wen oR ae 
d.c. generator.. Scorer 
distribution in air ‘gap of d.c. 
generator, vers tous illustra- 


UIONIOL kee ae erarens 17 

field, d.c, motor, test.. Miahe cer 142 
Flywheel motor-g' enerator control 

of d.c. inGhonst aches aNeretels 99 

FUNCLION canis. centre a eteian 101 


Frames, d.c. generator, direction of 
field windings on, illustration..... 
Frequencies a.c., polyphase induc- 
tion motor, performance graph 259 
and voltages, different, a.c., BOW 
hase induction motor, per- 


4 


ormance graphi-n..ccee ees « 259 
a.c. motor operation, effect of 

Changes, vee neds seater . 196 
changer, motor generators. . . 301 


motor generator, construction. 303 
ratio of frequencies.......... 
speed and number of oles, a.c. 
generator, relation be- 

tween, formulas..... 
synchronous induction 
MOCO. ech ee ne anceer SOL 


INDEX 


Fuse, dummy, connectors..........- 292 
used with compensator starters. 251 
vs. circuit-breaker, advantages 

and disadvantages..... racine. che 


G 


General Electric Co., repulsion induc- 
tion Motor. <.:. 2. - eae ee ree 
Generator, generators, alternating 

current. 
bearing troubles.........2... 
characteristics of exciters..... 
different types............-- 
direct-connected, engine-type, 
Dhistration!. Aen anhelde oie 
electromotive force, how gen- 
CHELIe BRE EBS aciomome soci: 
excitation or magnetization 
Pest. os slina a pommeeeeees 
exciters compound-wound.. 
field discharge switches and 
resistors for automatically 
discharging field circuits... 
general construction and defi- 
Nition: Of: parts. 2.6 eee 
horse-power required to drive, 
voltage, current, efficiency, 
power factor, “computation. 
how rated! :).,.s.seeeec eens 
hunting "5 xcs)ns eee eee 
prevents parallel operation. 
inductor, definition.......... 
insulation resistance test.... - 
kilowatt output, voltage cur- 
rent or power factor, com- 
putations..., vcs ames ee 
locating short-circuited coil. . 
management a Sees whole ate) asset ae 
maximum temperature rise. . . 
operating in parallel, switch- 
board diagram... eee eee 
parallel operation, adjustment 
of field current.......... ey 


vy 


See guarantees...... 
principles, construction and 
characteristics>. osnn eee 
relation between speed, fre- 
quency and number of poles, 
formulas. f.0s see 
revolving-armature, definition. 
illustration: .° chee 
revolving-field, definition..... 
short-circuited armature coils, 
“inducer” for locating..... 
single-phase, current or vol- 
tage, kilovolt-amperes out- 
put, computation........ 
elements. :,.\scls see epee 
horse-power required to 
drive based on kilovolt- 
ampere utes bee ei 
ULM retools wigs 


anh nloisvecebeyaiete aPeiare 
six-phase, grouping “of coils... 167 


size engine required to drive.. 177 
steam-turbine, illustration. . 160 
successful parallel operation, 
TEequinements senna eels 182 
SULCING so). Ae ee eee vec ee 


synchronizing requirements... 178 
_ synchronous-impedance test.. 276 


. 


Generator, generators, alternating 


CUXTNOt, ESTING are es «ae 
tATCO*PDASE s siecle sais sre sys cha 
armature, methods of con- 
necting,. ORO SD 
connecting armature, ‘dia- 
RTA cesiicntte ee eo 
current or voltage, kilovolt- 
amperes output, er 
BATION ec.5 5) sis ere ieier ee 
horse-power required - “to 
drive, kilowatt-ampere 
output, power factor or 
efficiency, computation. . 
horse-power required, vol- 
tage, current efficiency or 
power factor, computa- 
LOD es were wretsletae mecale > sro 
large, temperature test..... 
IGaGGESt He Bais els canes soos 


synchronizing connection for 


more than two 
temperature test 
to start a single............. 
to run in parallel 
ELOUDIES. citd he cine cierele sere sce 
turbo, construction... 
illustration....... 


BP COGS a wi nate eb weysi avers Wied ore 


stator or armature, illus- 


TLATION 2/5, troenioleveraiwvers eos 
VenbiletiOwnrsacusio ste sere 
two-phase, armature, method 
Of CONNECHN 06 cisc ess cae 
AA OT ANN OA. sian wie 6,5 mis orein ace 
DEIN CL DlO wen aie crdiceae ores 
vertical waterwheel,  belt- 
driven exciter for....... , 
GONSUNNCHIOU Spratt ciavec sashes 
which is running in parallel, 
WOUCTLUCON Uncete vevetatcrn tates eseretae 
Y-connected, diagram........ 
earn g trOUDlES. soccer esre 
classification of, by poles....... 
GEHDIVION Gav cece sv aiatels waves co s:6 
direct current. 
armature, handling.......... 
bipolar, definition........... 
commutating-pole, action of 
HSN rincteaisre es ees 


correct polarity at full-load, 
incorrect polarity at light 
IGEN eR a Qe, ihnicia SOO 
operation in multiple...... 
principal advantage of...... 
to reverse direction of rota- 

1 (3) CRG CN iow tyta pees Cr oirT REE Ree 
commutators, management... 
GOMPCNSATEd.... 0. caccs cies 
CONGUCHOIS LOL.» 6 <1c s.c05 os 
RGER TOU ee stave wetter 7s) wis acre 
BUINELOLS LOM ret cae.cslerere 
commutating pole, perform- 
GUCS GAGA sins claise’s 62 8 
connecting leads for....... 
determination of external 
characteristic........... 
directions for starting...... 
effect on voltage.......... 
field Theostats. 6s). icine. «s 
for power and lighting..... 


INDEX 


276 
167 


168 
170 


174 
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Generator, generators, direct -cur- 


rent, compound, getting 

to & pick MD TAG steric ote 
magnetization graph deter- 
mines voltage regulation. 
parallel operation of....... 
ary shunt for components 

Olt tetas, oferekieieie mee ashe 
shutting down when operat- 
ing in parallel cices cls nets 

to adjust division of load 
between two. sees hen ee 
Constantq-Curreny, 4 cela casey c/s/s0< 
arc-light, regulated by field 
WANIGtION s/c iste. etete eines 
automatic regulation....... 
regulation of, by brush 
ANN ga cy <pielrceiee ore 
detinition:.7 chur eee wnaeas 
differential and cumulative- 
compound windings....... 
ALVING OU see wsntee siento 
efficiency average value...... 
equalizer or equalizer con- 
MECUIONG =, scmcteveiiotines Giaterere 
failure to excite. . 
when starting..... 


fields, excitation of........ iz 
flat-compounded compound- 
wound, definition.......... 


frame castings, blow holes 
sometimes cause sparking 
direction of field windings 


on, illustration.......... 
how to reverse direction of 
LOCACIONG. croiviniste yates as nee 
Ton g-S Hwee encle eelo me pee ae 


magnetization-graph test, how 
CONAUCKERs qGueltic's ciate oateete 
MOENAFECMENE.— sonierc's sites eee 
rushes reo.) < cyeolerse eevee 
motor generator, a.c. motor... 
multipolar, definition........ 
number of brush sets in. 
Boma ly rated, usual overload 
ey Src negra eer ettes a oc ee 
number of poles.......... 
operating at different speeds, 
voltage regulation....... 
below normal speed... 
operation of shunt and com- 
pound in parallel.......... 
over-compounded........-.. 
performance guarantce 
placing field coils............ 
poor connection between com- 
mutator bar and coil leads. 
separately-excited........... 
series, application........... 
shunt on, form of......... 
WOUNG ck Cen eee weet 
short-shunt compound-wound. 
BhUNG cess eee se wad wee 
exciting current........... 
external characteristic test. 
operation at constant speed, 
parallel operation.......... 
CONNECTIONS o..seus cei vie 
-wound, directions for shut- 
ting OW Newtek oni a, 
wound for starting...... 
MOLL EGIGL. cies atehiwiane « 
size engine required.......... 
sources of losses..........+.+ 
temperature of, effected by 
speed changes,.......... 


126 


15 


_ 
CONE NOR NUN 
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Generator, generators, direct current, 
test, loading ‘back method.. 152 


terminal voltage, increase 

due to over-compounding... 13 
Pestiigen or osidcs sete sleet. 148 

LOD POlARILY Steauy sas tohotele cere i=t= 54 


three-wire, ammeter shunt on. 58 
compound-wound, division 

Of series COollsinaie. wee ol 25 
connecting balance coils, re- 


quirements of........ on BS 
connections, commutating- 

POLS wale orale shel ereteteteteleys 27 
definitions. s.ccsmoneorre t: 22 
equalizer buses required for. 58 
operation in multiple...... 57 
starting and shutting down, 

Method saioaseiec asa ee 53 
switchboard connections.... 58 
time required for building ; 


up 
to compute horse-power in put, 
kilowatt output, efficiency 30 
kilowatt output, current, or 


WOlLACE, sce He oes Seeie 30 
troubles: ic meets ee clots 105-112 
two-wire, connections to feed 
three-wire system.......... 58 
variation in flux distribution 
in air gap of, illustration of... 17 
when refuses to excite, pro- 
Cedures. sor se eaters ones 61 
windings, danger of over-heat- 
ing when drying........... 68 
frequency-changer...........+. 301 
insulation resistance, measure- 
Me Ne aH EORO COOSA OS OCHO 155 
performance specifications for... 1 
Glowing and pitting of carbon brushes 126 
brush, causes'..< «caves ees soos 126 
Graph; definitions.....6). foo aeee neck 4 
motor, a.c. induction, char- 
ACLETISEIC) Sas, ne stotta Rarer eee 198 
performance, d.c. series-wound 


method of reading......... 38 
a.c., polyphase induction mo- 
tor, with different frequen- 
cies and voltages.......... 259 
d.c..series motor... sc..0%0 36 
speed-torque, secondary speed- 
control a.c., induction motor.. 253 
Graphic ammeter, example of record. 298 
instrument, one, can be used to 
record inputs to motors of 


various capacities.......... 297 

for recording motor power in- 
PUL TESts. A Aeron ierie Seton oe 295 
portable stand for........... 297 

power record, energy ascertained 
with a planimeter...seecese 298 
Grindstone, to smooth commutator.. 117 
Grounded armature coil, test....... 138 
field coil, how located.......... 140 

Grounds, flying, in d.c. armature 
WINCIN LS estale cue mte nenetiee cent 140 

Guarantees, performances, a.c. gen- 

erators 
motors 


Heating, armature, causes 
COMMuUtatOR ae cee os eie 
field) ‘coils, eauses:c. at sss eran 
@ynamic braking iti. sae c. mone 


INDEX 


Horse-power, computation, single- 
phase 2.c: motor. 2. scieseierss 

current, voltage, power-factor, 
efficiency three-phase motor. 
two-phase motor 4.¢.........- 
formulas Motors: sm se ee 

of d.c. motors, effect of torque 
and speed 
output a.c. motors, test to deter- 


d.c. motor, to compute....... 48 
required, a.c., three-phase gen- 
erator, voltage, current, 
efficiency or power factor, 
computation: .25. setae 

of motor, often over-estimated. 
to drive a.c. generator, voltage, 
current, efficiency, power 
factor, computation..... 
single-phase generator based 

on kilovolt-ampere out- 

put, computation........ 
three-phase generator, kilo- 
watt-ampere output, 

power factor or efficiency, 
computation........ 

Hot boxy causes: 45.40 cnt ee =~ 
Hunting, a.c. generators........... 
induction-motors.....mes. see 
Prevention: <2 ..04./.ton eee cies 
prevents parallel operation..... 
synchronous, a.c. motors 


I 


Inducer for locating short-circuited 
a.c. motor or generator arma- 
ture coils..... “ 

principle. 5. J nce. soe 
telephone receiver detector used 
WILDS, 5 vey ace seuspe see ree ee 

Inducing coil, a.c. for localizing arma- 

ture trowblesijnccw deere erent 

Induction motors, see Motors, A.C., 

Induction. 

Input, a.c., single-phase 

Measuring. he as cle eene 
to motors of various capacities, 
one graphic instrument can be 
usedstowecord >) a. a. eee ee 
test, a.c., three-phase motor, 
“two-wattmeter’’ accu- 
rate;method =item eee 
“one-wattmeter”? method.. 
“one-wattmeter-and-Y-box”’ 


wees 


motor, 


method scisjy concer ane cet 284 
polyphase-wattmeter meth- 
OG... naacacs soe ore 282 
method where neutral motor 
is) broughtioutseeeeeee 285 
motor power, graphic instru- 
ments for recording........ 295 
Instruments, graphic, for recording 
motor power input tests.... 295 
ortable stand for...... ade hotha Oe 
Insulation resistance, see Resistance, 
Insulation. ‘ 
Interpoles, see ’‘Commutating Poles.’ 
Kk 
Kilowatt input, d.c. motor, to com- 
PDL rn careers ela arate tone eet ae eee 48 
Kimble single-phase a.c. motors..... 221 
L 


Lamps, synchronizing............181 °° 


Leads, bar and coil, poor connection 
etween: erties ass Sentra 
Coll, crossed, CESt as eatin elise c 


Lighting compound-wound genera- 
tors eared FOR ee ete ee 


Teena See pra sts eratai aia 
division, compound generators. . 

to adjust between two d.c., 

compound-wound generators. 

‘power required to drive, to deter- 

IMINCIO Vetest secs fis cuits «6 

test, d.c. shunt motor.......... 

three-phase, a.c. generator.... 

Long-shunt d.c., generator.......... 

Losses, d.c. motors and Eos 


POSEING MOCOT careers ers + ay wie wera 
Peng esting, 6 LOLKCd’'s oscs.siy +e tisisele 
test with open hole............ 


M 


Machine-tool, rotary or drum type 

controllers, d.c. motor.......-.0+.. 

Magnetic field, a.c. induction motor. . 

flux, action of, in commutating- 

pole d.c. generator......... 

Magnetism, residual, permits shunt 

generator to build up.......... 

Magnetization, field, 

GITECTION: cies oe Sales aisle. 

graph determines ‘generator vol- 

tagerreculation sea. ss oc ee 

test d.c. motor or generator, 

how conducted... 

test a.c. generator... ... ceva. 

Magnet-switch controllers, 

MOUOIS. 40 010 sxe 

Management, a.c. generators Meise 

GLO RCDELACOIS.  claaicu eieie.s eters cvs 

MOTOS) -A-Coas ce cicie ieteterete eve ef eisle 
Mica, actual raising rare occurrence. 

ITH tAeN HLS Hoetyerele se <a.2lc's os 

31) COMMULATOIS:,. csv ee ne wooo 

Motor, motors, alternating current 

automatic starters, connec- 

MODS es cinsieiele icc sissies is ace 

bearing troubles,.....:...... 

compensating winding........ 

compensated induction....... 

compensator vs. resistance for 

starting squirrel-cage, a.c. 

BUIOUOLS ste aisisieie es @ a lelerel ccs! 

control equipment, National 

Llectrical Code installation 

TOC UINCORCDUS Mie wen oiie aes as 

high-voltage, when no-voltage 

release compensator starters 

used for. Poiana micle se 

induction and ‘repulsion, prin- 

ciples, construction and 

characteristics..........+++ 

induction, see also Motors, a.c. 

olyphase, induction. 

Palcinin catia tacts sec 

bearings, oil leakage....... 

bearing troubles....... 265, 

collector-ring troubles...... 

connected to compensator, 

LI OG Start. 0 cles aiern 

GONIBUTINGLION furerdcre sos c sa we 

current taken at instant of 

AtATtINg ceceeroenvenes 


INDEX 


137 
139 


10 


56 


273 
271 


Motor, motors, alternating current, 
induction current, when run- 
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ning without load....... 194 
effects of unbalanced vol- 
TALES HAS hele sere tote eects hanes 270 
efficiency definition........ 194 
factors affecting perform- 
CMW anomiorin Sia ats O-0os ent taie 194 
hunting sasscee vee eee ae 272 
improper end play......... 272 
inherently a constant speed 
INOUOT tan taetsem tae rete 203 
loss of efficiency at reduced 
BPCOdS (25... hpalree ss Oo ye 195 
ow maximum ee 
causes and correction.... 266 
low torque while starting. . 265 
magnetic field............. 191 
maximum output, definition 194 
open circuit in field or stator, 
Effect: scans hae cee nae 268 
polyphase, primary speed 
COLTON ia eee 255 
speed control with double 
PLUIMALY sec -c nice k cree 
pull-out torque...... 


regenerative feature 
relation between speed, ae) 
quency number poles. . 
rotor, definition........... 
secondary speed-control, 
speed-torque graphs..... 
specialutypes::. 5, .:. 05 ale 
squirrel-cage, compared with 
wound rotor 
rotor troubles. ...5...5.. 
starting compensators... 
three-phase, delta-star 
method of starting... . 
small started by throwing on 


starting compensator 
troubles css ere 
MeUHOGS eeieek te ccce ee ae 
stator or primary winding. . 
relation between speed, fre- 


quency, number peles.... 2 


winding faults...) ee ..te 268 
wound rotor, self-contained 
Btarters. cocks ce cote 241 
connections of starter. 241 
operation on, of self-con- Z 
tained starter......... 242 
Starting... ss caw eee 242 
torque graphs. soc ccecs 199 
locating a short-circuited 
COU SS aRR ech eee 274 
management, starting and 
controlling devices for..... 239 
neutralizing winding......... 214 


operation, effect of changes in 
voltage and frequency 
performance guaiantees...... 
polyphase, induction, cascade, 
speed control......... 
causes of shutdowns..... 
circuit-breaker protection. 
electrical behavior—same 

as transformer........ 
method of starting several 
from one compensator. 
performance graph with 
different frequencies 

and voltages.......... 

speed control by adjust- 

ing frequency..... 
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Motor, motors, nitonnatne current, 
polyphase speed control, by 
adjusting primary voltage 
by changing number ofpoles 
by changing number of 
secondary phases.. 
to reverse direction of ro- 
CERIO oe inven ae Base ion ste 
troubles, ko: wstesazechanre 
wound-rotor and internal- 
starting-resistance 
type, characteristics. 
characteristics......... 
Bpeed controls Jat aausweries ct 
by adjusting resistance of 
secondary circuit.... 
squirrel-cage induction, gen- 
eral characteristics...... 
pump, connecting float-control 


automatic starters......... 
TEPUISIOM. ston sichesistexete anes 
=INGUCHIONG tein helyerstette 
arranged for reversing 
BEEVICE 4 eiceaiee nn aae 
starting induction-running, 


characteristic graphs..... 
secondary speed control...... 
short-circuited armature coils, 
“inducer” for locating..... 
single-phase, classification... . 
computation of horse-power, 
current, voltage, power- 
factor and efficiency..... 


float switch control........ 
induction, condenser-com- 
pensator method of 
Starbing.ntdds came re 


develops no starting tor- 
que when rotor is not 
FOVOMVIDNGs iis oeusie cus 
performance data 


shading-coil method of 
BUATCING fear. beep sare ahora < 
split-phase method of 
BtaThiNe ones eG 
principles....2ac a<oee 


used only for small 
capacity motors. 
starting, construction. 
torque, starting current 
speed regulation, single- 
phase phase-splitting- 


ClECUL brea ae aoe 
measuring input........... 
repulsion induction variable 

SPEC: |. care reas ee 

-starting - and - induction 


series 
variable-speed........0000. 
slip, speed regulation........ 
squirrel-cage induction, start- 
ing currents and starting 
torques with different im- 
pressed voltages using com- 
MensAators <i. Reacaaeane 
starting compensators, high 
voltage large capacity..... 
Synchronousacie sed caere ae 
advVantacesteanees.. oSeeee 
any a.c. generator will oper- 
SLOMAST atira.c ree 
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Motor, motors, alternating current, 
synchronous, bearing 
troubless, es sacite ae : 

direct-connected exciter, 
illustration 
disadvantages. . 
hunting..........+. Say 
CLONE hh, c Seteietole eid oioteteioters 
induction motor * pring to 
Speeds... te. stereraeieets 
relation between speed, 
frequency, number poles 
limiting, starting current, 
auto-starters, compensa- 
TOUR. 5/3508 cla g ape isi wae . 
methods starting.......... 
open circuit in field, effect... 
over-heating, causes....... 
polarity..21.s a 
short-circuit 
Staremgeoancce coes 
difficulties...... 
wa he -cage starting wind- 
starta but failatedevelonect 
ficient torque procedure. . 
wv switchboard connections. . 
temperature test....... 
troubles, summary of 
useS..... Dace 
testing AIO CIOL) 
three-phase, accurateinputtest, 
‘two-wattmeter’’ method 
coil, wound rotor, starting 
arrangement... A ae 
computation of horse-power, 
current, voltage, power- 
factor, efficiency....... 
determination of input by 
voltmeter and ammeter 
__ method, testa eetercstte 
induction, temperature test. 
input test, method where 
neutral motor is 
brought outs. .caesee 
polyphase-wattmeter 
method...) i..cinntomenaete 
““one-wattmeter’’ method 
““one-wattmeter- an d- Y- 
box”’ method.. 
troublesé 2. '.cvi.inne nee 
two-phase, computation 
horse-power, current, vol- 
tage, power-factor, efficiency 
vertical, induction, cement- 
mill, construction.......... 
Wagner repulsion-starting-and 
-induction-running aie etaune 
wound-rotor, starting switch 
troubles:..:). ccc ete noe 
and its starter, National Elec- 
trical Code protection rules. . 
an inverted generator.......... 
bearings, grooves to prevent oil 
leakage 
bearing troubles... 
Motor, motors, direct current. 
adjustable speed, classification 
armature, handling. . 
automatic starter 
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remedy, ..<., nikita cea eens 
commutating-pole, overload 
CAPACIUY: vals eisisic sieleleietensiers 
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Motor, motors, direct current. 


commutating pole, principal 
AdVANntHTe! Oo. sue ee. oe 
shunt, speed regulation. .. 
commutation determines over- 
load" capacity... cn. cae cic 
compound, connections of 
regulating controller..... 
speed characteristics....... 
CONCLOLveynacip Bats le ob ein Suet 
-wound, differential and 
cumulative, description. . 
CONSUTUICELON yess. cgi cists eleteieles 
control, 


controller, magnet-switch..... 
‘erane controllers, arrangement 
differential and cumulative- 
compound windings....... 
directions for starting........ 
BLOPPINE. |. ese oceccvevae 
rying out,..... bielerejeiclele.e.eie ¢ 
dynamic braking.........0.. 
field flux, test........ 
frame castings, blow holes 
sometimes cause sparking. . 
horse-power output.......... 
how to reverse direction of 
TOCAONeyete.s cece oe 
magnetization-graph test, how 
CONGUCLEH Hue tvciniolsicleisels « 
management and starting and 
controlling devices....... 
brushes and commutator. 
motor-generator with a.c. 
generators.. 
multipolar, definition Merete 
multi-switch starter.......... 
non-automatic-starting 
speed-adjusting rheostat.. 


performance data.......... 29 
graphs, series-wound method 
OLTEAGING.. eisicieie.seieie nals 
SUIRTARUCER: «ur ccno tisva he's <6 an 
placing field coils............ 


poor connection between bar 
nd GOUMEAGS 3.54.5 es0e ee 
procedure when it will not start 
whenstarting box isoperated 
pressure - regulator - control, 
automatic starter, connec- 
ting regulator, speed-arma- 
PORE CONUG) . oe lve saa 
reliance adjustable-speed, il- 
ARISES TAOLU ap oxinte sin ereveltss Sse ol 6 
rheostat arrangement of one 
starting and speed ad- 
justing for control of two 


TROLOIS se 4 o a 8 wise nas we 
shunt- and  compound- 
wound, _ starting and 
speed adjusting (field- 
POUULOL erie cainv a «pe 
rotary, drum or machine-tool 
type controllers........... 


runs in wrong direction, pro- 
MECUCO. 1s ecaniaieiie rs ae 
series, performance graph.... 


regulating controller....... 
shunt, compound, speed 
characteristics......... 
and series-wound, start- 


ing rheostats,......... 
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Motor, motors, direct current, 


series, shunted armature con- 


nectiony. 3°. sau cetele oer 
series and compound-wound, 
speed characteristics, 
graphic Sokapatison 46 
shunting field........ ch eh 
speed at no-load........... 38 
speed-torque characteristics. 37 
speed variation withload... 76 
shunt, effect shifting brushes 
On ‘speed |) Wei. See 41 
illustration, connections.... 39 
speed characteristics... ... 40 
load and speed test........ 152 
series and compound, con- 
nection diagrams........ 73 
speed characteristics....... 42 
CONtTON saan te a eee 77 
temperature test, loading 
back method’ s.0.5%5.08 152 
speed, definition........... 35 
proportional to voltage..... 34 
regulation, effect of com- 
mutating poles.......... 46 
variation, definition....... foo 
Starting panciss,.. sche yee T5 
PHGOStAtT oy cca rin ete 71 
with multi-switch starter 85 
sources of losses..........-++ 27 
BOStING Fe cay ro nth ake eee ae 148 
to compute kilowatt input, 
horse-power, output, effi- 
ciency, impressed voltage or 
CUNTED Ue vic: stig «ble wane ace 
torque, proportional to field 
conductors and current. 5 
troubles. hice cle es cee woe Lo5-112 
brush glowing and pitting.. 114 
Motor-drive power, test..........-. 288 
Motor-generator, a.c. generator d.c. 
NOVO a sraieele tate acini s hier «lela suas 302 
definition and construction..... 301 
flywheel, equalizer, control of 
GlGHANOTOLS. «7. ss cas elas 99 
FUNCHONGT. couse cst ee c.ceels 101 
frequency changer, construction 303 
CHARLES cwiete alete a ale egattele lavelale 301 
induction-motor drive.......... 302 
synchronous-motor drive....... 302 
Motor, horsepower determined with 
prony brakes; \\.\. cies. omits 149 
required, often over-estimated. 288 
torque and speed formulas. 148 
induction, computation of slip.. 202 
drive, motor generator....... 302 
insulation resistance, measure- 
MCT Gig iciccs c erasisis ie eke arate enae 155 
nameplate...<c caessis ccreuisianls 148 
output, to determine........... 148 
portable, arranged to determine 
power required by machines... 290 
power input tests, graphic instru- 
ments for recording waite 295 
required, importance of accur- 
ate determination......... 288 
of various capacities, inputs, one 
graphic instrument can be used 
PORT BOOT), ore kas eccec hee se, os 297 
synchronous, drive for motor 
PONGLSEOR cess calwrhs aik'e es b 302 
testing, connections...........+ 292 
IGSSOB OT via. cc diva ere els idioms 289 
test, portable, workable arrange- 
OGURA STi read 68 band eda 290 
equipped with counter shaft 291 
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Motor, torque, function........... 
vertical, ball bearings. 
Multiplolar generators d.c., number 
Of brushisetsvieen cies ete. 
machine, definition............ 
Multi-switch starter, starting d.c. 
TOAOCOM sori asaya ra geal sar alleiteeel a s.ah ce 


Nameplate, MOtorsia. «\screila sielelsls rele 
National Electrical Code require- 
ments, a.c. motor, control 
equipment, installation....... 
Rules, protection of motor and 
Stanven cacutoniaysteryensraeuaene octets! 
Neutralizing winding a.c. motor.... 
Noise caused by armature unbalance. 


oO 


Oil leakage, a.c., induction motor 
DCATINGS Sy ores ive Chel eiecste oe Ai 

motor bearings, grooves to 
ECVE ce ways cialoseis) acelin <6 


rings, bearing, to prevent stick- 

{Tigers cairensarccto ate metenarte te siete 
Open-circuited field coil, locating. . 

circuits, flying in d.c. armature 

WAITING Shou cca. ace icha eave ener. 

Operation of commutating-pole, d.c. 

MONELALONS cw aie. alcvecs) shine mays si ehe 

of non-automatic-starting and 

speed-adjusting rheostat..... 

parallel, a.c. generators, division 


Of loadk Mica csittedercte ore 
c., shunt generators........ 
successful, a.c. generators, 
requirements.............. 


Output, a.c. motors test to determine. 
kilovolt-amperes current or vol- 
tage, a.c., single-phase 
generator, computation 
three-phase generator, 
computation... sco. 0% 

power factor or efficiency, 
three-phase, a.c. generator 
horse-power required, com- 
PULALON crus oe, Sete 
kilowatt a.c., single-phase gen- 
erator, computation........ 
voltage, current or power 
factor, a.c. generators, com- 
POUESVELOM ye reressiarese iol ehepererer sleds 

low maximum, a.c., induction 
motors, causes and correction. 
of d.c. motors, effect of torque 
ANGUSPEEA Gnu. viecakme eels sree 
of motor, to determine........ 
Over-compounded d.c. generator.... 


P 


Panels, starting, d.c. motors......... 


Parallel operation, a.c. generators, 
division of-load®...).e2ne.s 6: 
hunting prevents.......6..0.. 
successful, a.c. generators, re- 
quirements Nec SR ELON EMROU ES 


Performance data, compound-wound 
d.c. commutating-pole gen- 
erators... 


ee ii er er are ers 


MOOL....... ses ee scenes 
graph d.c. series motors........ 


INDEX 
101 Performance data, guarantees, 4.c. 

146 generators,...-¢..:-0e0.5 sie LOG: 

1.65, INOLOLS sce vues siete sererers eed 

15 dic: eenerators.oi riers 28 

15 specifications for generators..... 1 

Phasing out..... aie leisre.ete «totensbeleateres 179 

85 three-phase circuits........-.-- 180 

84 Pitting and glowing of carbon brushes 126 — 

Planimeter, energy. ascertained from 

graphic power record.........-.- 298 

Polarity, field coil, illustration...... 63 

148 COSEIIG. cs pe ove sete tie oleae ranenaeeee 62 

synchronous a.c. motors......-- 238 

tester, field, inductive.......... 64 

239 testing fcr, d.c. generators...... 54 
Polarities, commutating-pole wind- 

76 ings, debermining. . ov. dance 66 
214 Pole, classification of d.c. generators. 16 
146 commutating, object..........-. 17 

WIiGINGSsOl =o, sisialokeceteral arteries 20 
number on d.c. generators...... 15 
relation between speed and 
273 frequency, a.c. synchronous 
induction motors.......... 201 
O74 speed and frequency, a.c. 
generator, relation between, 
144 formulas... 022... 200s 164. 
141 Polyphase induction. motors, see 
** Motors, polyphase-induction. 
140 Polyphase motors, see Motors, a.c., 
polyphase. . 
18 Power-factor, computation single- 
phase 4.c, motor.:....s-<. 226 
82 _ two-phase motor a.¢.......... 205 
efficiency, horse-power, current, 
182 voltage, computation of, 
50 three-phase motor......... 204 
voltage or current, a.c. three- 
182 phase generator, hor: eee er 
278 required, computation.. 176 
low; resultsic, ccs come eee 230 
synchronous motor corrects... 230 
174 or efficiency, kilowatt-ampere 
output, horse-power required,- 
174 a.c. three-phase . generator, 
eCOMpPuUutation S oan ss cee 175 
voltage, current, efficiency, a.c. 
generator, horse-power re- 
175 quired to drive, computa- 
TON Ae acacueiret eres 172 
173 voltage or current, kilowatt out- 
put, a.c. generator, compu- 
tation.. «\.-deisientaceiteeioee 176 
176 Power, motor-drive, test. ....20...-- 288 
motor, input tests, graphic in- 
266 struments for recording. . 295 
required, importance of accur- 

34 ate determination......... 288 

148 record, graphic, energy ascer- 
9 tained with a planimeter..... 298 
required, to drive machine test 
for*procedure, .... ene 291 
to drive a load, to determine 

75 y test... << picts eet DOPAC Coss 289 

Pressure, carbon brush............ 124 
182 -regulator-control, d.c. motor, 

182 automatic starter, connecting. 102 
Primary or stator winding, a.c. in- 

182 duction motor. com. baci oe 191 
Principles, construction and char- 
acteristics, induction and repulsion 

28 8.0. MOUOTS eyes eer 190 

34 Prony brake, different forms........ 149 

motor horse-power determined 
213 WiCR iy renee Reiceieras 149 
36 torque concept basis... Weneatelae 


INDEX ey 5) 
Pull-out torque, a.c. induction motor. 200 RiNe Ale; SPAPKING. weipiea se teeters bane 123: 
Rings, oil, to prevent sticking....... 144 
Q Rotary, ana ee machine-tool type 
= e ~ controllers, d.c. motors.......... 
Quarter-phase, see T'wo-phase. Rotor, a.c. induction motor, definition ae 
R or field, a.c., turbo generator. . 1 
troubles, a. ¢. , induction, squirrel- 
Rack for d.¢c. armatures............ 147 CARS, MOtOVS Hy weave anions eee 269 
Record, graphic power, energy ascer- 
tained with a planimeter......... 298 Ss 
Regenerative feature, a.c. induction 
WSK OLO) 2 mig a5.c.08 plata ye lenceie Orpen 203 Sandpaper, to smooth commutators. 118 
Regulating controller, see Controller, Segments, commutator, loose....... 115 
regulating. ‘ Separately excited d.c. generator, see 
Regulation, automatic, of d.c. con- Generators, d.c., separately excited. . 4 
stant-current generator...... 3 Series fields, equalizer buses required 
of d.c. constant-current genera- for three-wire machines...... 58 
tor by brush shifting......... 4 generators, see Generators, d.c., 
speed, a.c. induction motors.... 202 series wound, 
commutating-pole, d.c. shunt motor, see Motors, d.c., series 
BUROUOY ceieia ea oie Valin site aero cl one 41 wound. 
d.c. motors, effect of commu- shunt for compound-wound gen- 
PALIN PIPOLES nec visi ete sens 46 erators, components of..... 15 
CLI THNSTOS Vo, 6 ee eu Oe 35 on d.c. machines, form of..... 15 
NOWIEXPTESSEG cee veseaclacoave 35 -wound d.c., armatures, number 
voltage, compound d.c. genera- of brash sete ini. ee 15 
tor magnetization graph generators, see Generators, 
MOtOLMOINeS Mee aelec seed ote 13 d.c., series wound. 
d.c., generator operating at motors, see Motors, d.c., 
different speeds.......,.-- 12 series wound, 
MAGHDITION= soreie sas eke sees a ore 1 Shading-coil method of starting a.c. 
Regulator, armature control, con- induction Mators:s . uniers 2 ce 212 
BUNULOU ON o proteter ieuass evs ee 93 Short-circuited a.c. motor or genera- 
speed, armature control, 93 tor armature coils, ‘‘inducer”’ 
MOVELAUION scone catalase eelete wis 94 forlocatinge: wr. e care enemies 274 
Reliance d.c. adjustable speed motor. 42 -circuits, armature, test........ 138 
Repulsion, induction motor, see flying, in e c. armature wind- 
Motor, a.c. repulsion induction. INEST <s cipwa ce eae Cade eae 140 
Repulsion motors, see Motors, a.c., -shunt d.c. -» compound-wound 
repulsion, BERETA. care osc, oe ee 1L 
Resistance, brush contact......... 124 Shunt d.c., generators, parallel opera- 
for starting squirrel-cage a.c. tion, connections............ 51 
HNO LONS. suntirtilercie sicis. tis ovat wre 245 dynamo, see Generator, shunt. 
insulation, generators and motors, motor, see Motors, d.c., shunt 
measurement... ...06:...5: 55 wound. 
» complete machine, method of series, for compound-wound gen- 
BNICHCASINM nc sae rtsmrde.e cance 55 erators, components of..... 15 
measured with high-resistance on d.c. machines, form of.... 15 
WIGLERUEUCT wemieitteneiieicltaes 6 155 Shunt-wound generators, see Genera- 
test, a.c. generators......... 277 tors, d.c., Shunt wound. 
Resistors and switches, field discharge, Shunted armature connection, series 
for automatically discharging Ue PAOLOES aks bar a ene eee cies cits 
field circuits, a.c. generators... 171 Shunting field, series d.c. motor..... 7 
HIGLO MC ISOMALEO Se rcicre ccitteleic eieis ese 102 Shutdowns, causes, a.c., polypbase 
IUDEOSLAL CODLLOMEN: s atcier er. ie:c eens ov 72 INAUCtONANOLOIS se ee leet es ers 264 
field, compound-wound d.c., Single-phase a.c. motors, see Motors, 
MONET ECOL Ba siisteratelele:e ssefexeleintee 10 a.c., single-phase. 
non-automatic starting and generator, see Generator, a.c., 
speed-adjusting, d.c. motors. 81 single phase. 
non-automatic-starting and Six-phase a.c. generators, grouping 
speed-adjusting, operation. 82 Of COURMaemaaes ke er cen ree ere 167 
starting and speed- adjusting, Slip, a.c. induction motors.......... 202 
arrangement of one for OOMMPUTAtION OE sie’ woe een ee 202 
control of two d.c. Slotted commutator, see Commutator 
BHOLOLG clldchane aisde.e' see ase 92 slotted, 
COUStRUGCELON eck oss nid os 89 Slotting, commutators, ...0¢...00.% 119 
(field-control, for d.c TENSOR: scvtsachonnioe platepe rn siete enatare 120 
shunt and compound what it accomplishes.......... 120 
MOCOTS ved dara sine We s/e 89 Sparking, blow holes in frame cast- 
operation.......2eee rere 92 ings sometimes cause........ 126 
starting, arcing devices........ 7: PISGBHELGUIBCH scat oat cccisores sia 125 
sO, WMObGhowate ras ane vi des al due to open armature circuit.... 128 
low-voltage release device. 74 _ Tough commutator........... 114 
overload release device....... 75 TU IDOLS Wr e18)s 4S" alg euhinic race scr 128 
shunt-, cormpound- and series- Specifications, performance, for gen- 
wound d.c, motors......5.. 74 ratGtdercs tii rcniWna rch «atic! lod 
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Speed-adjusting and eeriing rheo- 
stats, see Rheostats, Speed ad- 
justing and starting. 

characteristics, compound- 
wound, d.c. motor......... 

d.c. motors, series, shunt, com- 
pound 

BNUNG MOCOMS ayaveteralereleralsterete 
ATUStrAtlOr i 4:6 eiesclaher sere 

series and compound-wound 

motors, graphic compari- 

control, a.c., polyphase, induc- 
tion motor by adjusting 

ANEQKENCY,.\.ia sicualote etetae 

by adjusting 

VOLUALSl rn tieiaalaiechesecvaeys 
by changing “number of 
secondary phases... . 
DOIES Ss wisi seks Rawereinreioe 


TROPOVM Ga. Aacipaiendal erate ats) asks 
by adjusting resistance of 
secondary circuit...... 
cascade induction motor 
compound d.c. motors....... 
primary, a.c., polyphase, in- 
duction motor...... Sychatetts 
secondary, a.c. motor........ 
shunt,di¢: motors..cee ace ce 


tage..... 

Vanlablons ccnvesisle owsleionete s 
series motor, no-load......... 
formulas; motors. ..sesmsiderd cae 
frequency and number of poles, 
a.c. generator, relation 


INDEX 


between, formulas..... 
synchronous induction. 
PNOUOE yc :aisive & aieveletonts ers 
Motor, Genition. nwo ae 
normal, d.c. generator operating 
below! Pawida Sains ao eee 
nes wiation; a.c. induction motor, 
BILD AG ars treats a nie eens 
commutating-pole, shunt, d.c 
WO COD terats ceaiietacuelenesste Meter sha 
definition ites oceans s 
d.c. motors, effect of commuta- 
tine Molesey Sst estes 


how-expressed screcieeh anon: 
single-phase a.c. induction 
motor, phase-splitting-start- 
in. 


co) eration Se cva’s ccwcsustis cits anesatete 


d.c. motor..... Rian Sen 
graphs, secondary os 
trol a.c., induction motor. 
turbo alternators:..). 0.0... .4- 
variation, motor, definition.., 
with load d.c.; series-wound 
INOCOTS joes css, elton sions Ohe 
Speeds, different, voltage regulation 
ofid.e: peneratoray even lee 
Squirrel-eage induction motors, see 
Motors, GC induction, 
squirrel-cage. 
starting windings, a.c. synchro- 
DOUSTMOLO.--clejereierare seems 
Stand, portable, graphic instruments. 
Starters, automatic, a.c. motors, con- 
NECHONS ss... sa ale eee «ake 


Starters, float-control, a.c. pump mo- 
tors: ConneCtINEs «25 0. eans 261 
pressure-regulator-control, d.c. 
motor, connecting......... 102 
connections, wound motor a.c. 
INdUCtION TOCOP: <. aec-ers crater 241 
motor, automatic, principle..... 83 
multi- switch, se, Motvorsge.. smi 84 
starting d:e. motor... =... 1 85 
self-contained, wound rotor a.c. 
induction motors: ..... 22. <2. 
Starting, a.c., induction wound rotor 
0110110) PRA ID Airc tcanue (hc 2c.0 242 
methods .nc... 63.042 ose ee 240 


and speed adjusting rheostats, 
see Rheostats, starting and 

speed adjusting. ; 
arrangement, three-phase coil- 


wound rotor a.c. motor....... 243 
compensators for induction mo- 
tors, a.c., see Compensators, 
starting. 
eurrent, 4.€. MOtOEBie so... = ee 200 
single- phase, a.c. induction 
motor, phase-splitting-start- 
TAD. 65 cre eke aiechiaie neve ste elton 210 
squirrel-cage induction a.c. 
motors, with different im- 
& pressed voltages using com- 
pensator starter........... 246 
devices for a.c. motors......... 239 
panels, d:c: motorsss.2. +6 os see 75 


rheostat, see Rheostat, starting. 
single-phase a.c. induction motor, 


split-phase method.......... 207 
small a.c. induction motor, by 
throwing on lines2: 2 saeee 240 
switch troubles,” a.c., wound- 
TOtOr MOtOrs:- iW. <:-fcers here ates 265 
synchronous a.c. motor......... 231 
three-phase, squirrel-cage a.c. 
induction motors, delta-star 
method... .. jbo. aoe 251 
torque, 2.0. motors... ..+-eaete 200 


torques, squirrel-cage induction 
a.c. motors, with different im- 
pressed voltages using com- 


pensator starter... gisele. « 246 

Stator a.c., or armature turbo genera- 
tor, illustratione. a: poets 161 

or primary winding, a.c. induc- 
tion Motors... Wass ee eee 191 
Steam engine, overload capacity. . 33 
turbine, operates at high speeds. 162 
Surging, a.c. generators. ee 186 

Switchboard connections, three-wire 
d.c. generators....2ne Sees 58 


Switchboards, synchronous a.c. motor 232 
diagram, generators operating in 
parallel...... exes /a/'alGuetoatete are 
Switch, centrifugal, single-phase in- 
duction motor 


control, float, a.c. single-phase 
motor BONS PUR CAM NINE AG score oo 261 
ORT: 5. areletaiiev0 Stoney kay eee Seen 101 
knife, for shunting out ammeter. 294 
starting, troubles, a.c. wound- 
TOtOK MOtOrs <a was aes eae 265 
tanlecs 5258 Gisais ahr ee eRe 101 
Switches, field-discharge............ 102 


and resistors for automatic- 
ally discharging field cir- 
cuits, a.c. generators...... 
field relays. Senses ae eee 88 
not placed in circuits connecting 
collector rings to balance coils. 29 


. 


INDEX 


Sychronizing, a.c. generators require- 
MICH ctertee rs cate Taenei aie! a aie 26 3 178 
connections, more than two three 
phase generators............ 180 
dark or light, comparison....... 181 
GORMITION' satis ce cd ntseve > Raterereuere 178 
a RIAyOR eee aia eoseeicty o> oa cave arent tele e 181 
single-phase circuit with lamps, 
DTUCIDION ie orice ote ons sk 178 
with lamps, circuits for......... 179 
Synchronous condensers, see Con- 
densers a.c. synchronous....... 229 


impedance test, a.c. generator... 276 
motors, see Motors a.c., synchronous. 


SV TACHTOSCOPES ns oso.) alse (w'e:0 co ends 450) val le 182 
T 

PL ANAG OW LUC ia ret ges ieke 8 a ora) Hastie se ones ae 101 
Telephone receiver detector used with 

haKe Wits) OR Ae er fey cade OEE eta nen me roe pte te) 

Temperature, ambient, definition.... 166 
d.c., generator effected by speed 

GIT UBOB A cass > orerewiee © osayet era iens 14 


rise, Maximum, a.c. generators. . 166 
test, a.c., three-phase induction 


BES OL otis Sais fora, wins aera es 286 
d.c. shunt motor or generator, 
loading back method...... 152 


large three phase, a.c. genera- 
tor or synchronous motor.. 278 
three-phase a.c. generator or 


5 synchronous WH OCOR steaye sce 279 
Terminal, exploring, and test lamp, 
convenient arrangement........ 136 


Test, a.c., three-phase motor, deter- 
mination of input by voltmeter 


and ammeter method........ 280 
anmature, “bar to’ bar”’....:..... 138 
BROFe-CLLCULLS ciawile ys cro eves es 138 
excitation or magnetization, a.c. 
OVETACOM: cp oh eb © vinnie eed eves 276 
external characteristic of shunt 
PICU ONELALOPS «ce a'r si apeibeee es 154 


input, a.c., three-phase motor, 
accurate “watt- 

meter’ method....... 28 
method where _ neutral 

motor is brought out.. 285 
“one-wattmeter-and-Y- 

box method. io... 1.0. 284 

“‘one-wattmeter”’ method 283 
polyphase-wattmeter 


Met HOder ie eek eis ox 282 
motor power, graphic instru- 
ments for recording....... 295 
insulation resistance, a.c. genera- 
ilo) a exci Ey AR RRO, On ae CRS 277 
load and speed, d.c. shunt motor 152 
three-phase, a.c. generator. 277 
lug, with open hole............ 293 
magnetization-graph, d.c. motor 
or generator, how conducted.. 151 
motor-drive power...........-. 288 
motors, portable, workable ar- 
PRUMOMONUSs <5.6 6 ec ode ase ses 290 
of power required to drive ma- 
chine, procedure............. 291 
open armature circuits......... 137 
Biolanieys Ela. aaikahl a cancasc 0% 64 


practical determination of torque 
required to drive or start aload 299 

sy nchronous-impedance, a.c.gen- 
BPAUOE tee eedinmOr 0s hears 34-8 276 

temperature, a.c., three-phase 
induction motor........... 286 


Test, temperature, d.c, shunt motor 
or generator, edieg back 
method. : 

large three-phase, ac. " genera- 
tor or synchronous motor. 
three-phase a.c. generator or 
synchronous a.c. motor. 
to determine horse-power output 
and torque, a.c. motors. 
power required to drive a load. 
lamp and exploring terminal, 
convenient arcrangement...... 
Testing a.c. generators and motors. . 
armatures where only a.c. or low- 
voltage cells are available. . 
with high-voltage a.c......... 
d.c. generators and motors...... 
lugs: “forked? OSes ani sears ec miee 
motor, connevtions:.6 sc. «vee 
Fonsen), heh tone eee eae 
Three-phase generator, see Generator, 
a.c. single-phase. 
Three-wire generators, see Generators, 
d.c., three wire. 
Torque, a.c., motors test to determine 
d.c. motors, effect of field, con- 


ductors and current on....... 
formplas,¢mOvors..c se aetaeeras 
low, starting a.c., induction 
TNOCOLS s). sviniens etaevslese che. 6 sen kiaa 
motor, function. + 25..0 os ces 


prony brake concept, basis for. . 
pull-out a.c. induction motor. . . 
required for belt drive, deter- 
mination with a spring bal- 
ANCE. <i lo eee o cs eon 
to drive or start a load, prac- 
tical test determination. 
single-phase a.c. induction motor, 
phase-splitting-starting....... 
speed, graphs, secondary speed- 
control a.c., induction motor. . 
starting, a.c. motors a lojeiel ayo ee 
single-phase a.c. induction 
motor developes no, when 
its rotor is not revolving. . 
squirrel-cage induction a. c. 
motors, with different im- 
pressed voltages using com- 
pensator starter........... 
when a.c. synchronous motor 
starts but fails to develop 
sufficient, procedure......... 
Troubles, a.c. generators and motors. 
bearing, a.c. generators and 
TOLOVS tacts ates te wiehiene alte 


motors and generators....... 
synchronous a.c. motors...... 
field, a.c. synchronous motor... 
starting switch, a.c., wound-rotor 
TROCORS eve, crs apeherrrn a: ais ey eee 
synchronous a.c. motor, sum- 


Truing commutator with file. . 

‘Turbo generator, see Generator, “acc. 
turbo. 

Two-phase generator, see Generator, 
a.c, single-phase, 


U 
Universal motor, a.c., single-phase... 
Vv 


Ventilation, turbo alternators. ..... 


317 


318 


’ 


Vertical waterwheel generator, 4.c., 
COMSELUCHION® «(diss i0ulktars & sino alas 
Voltage, a.c. motor operation, effect 
of changes...........++2-+-- 
computation 
TOC OMA a ies orirsen Mel telotel eteliel + 
two-phase motor a.c........- 
current, efficiency or power 
factor, a.c., three-phase 

generator, horse-power 

required, computation. 
generator, horse-power re- 

quired to drive, com- 
putationn..cke asses. 

power factor, kilowatt output, 

a.c. generator, computation. 

drop, due to contact resistance, 
increased if fit of brushes or 
commutator is poor......... 
impressed, d.c. motor, to com- 
MOU GC rare cretetoustorer ster cimmahemetets teitiie ne 

or current, a.c., single-phase gen- 
erator, kilovolt-amperes out- 

put, computation.......... 
three-phase generator, 
volt-amperes output, com- 

UGA IOI Va aaicernte lie tee ere ee 
power-factor, efficiency horse- 
power current, computation of, 


three-phase motor........... : 


regulation, definition........... 
d.c. generator operating at 
different speeds........... 
shunt-wound d.c., generators. . . 
terminal, increase due to over- 
compounding, . 


eC 


INDEX 


Voltages and frequencies, different, 
a.c., polyphase induction mo- 
tor performance graph....... 

Voltages unbalanced, a.c., induction 
motors, eiectar. ccc moe 

Voltmeter, high-resistance, insula- 

tion resistance measured with. . 


Ww 


Wagner repulsion-starting-and-in- 
duction-running a.c. motor. : 
Water-cooled machinery, standard 
temperature ratings............-. 
Waterwheel generator, vertical a.c., 
construction; <<<). + ssn eee 
Wattmeters, graphic ammeters used 
PASTORAL ie cain. ai altese aves ae eee 
Winding, commutating poles........ 
faults, a.c., induction motors...... 
stator or primary, a.c. induction 
THOUDOR.,« siciscia stsisioe ain adeno eon 
Windings, armature, d.c., flying 
grounds, short-circuits and 
open Circuits... a: < «te on eee 
commutating- -pole, determining 
polarities... Sine ne eee 
cumulative-and-differential-com- 
pound, for d.c. machines..... 
“danger of overheating when dry- 
TTS 2h Selcints 2 wuein Ore la eee 
differential-and-cumulative-com- 
pound, for d.c. machines.... . 
field, on d.c. generator frames, 
direction of, illustration...... 
Wound-rotor a.c. motors, see Motors, 
a.c., wound-Totor. 
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